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PRE-NATAL infection of the eyes of human infants by toxoplasma 
__ has been reported with increasing frequency in the past ten years, 
_ mainly in America, and more recently in Holland and other 
_ European countries. There are now more than 50 recorded cases. 
_ The disease was introduced to British literature by Vail in 1942, 
but so far only two cases have been reported in England, one 
by Jacoby and Sagorin in December, 1942, and one since then 
by Wilson and Forest Smith. A third case may, therefore, be 
of interest, and will perhaps draw further attention to a disease 
undoubtedly present in this country and often overlooked. In 
retrospect it is certain that cases of this disease have been seen 
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in the past and pronounced correctly but. inaccurately intra- 
uterine uveitis or pseudoglioma, or incorrectly congenital 
developmental abnormalities including macular coloboma. 

_ Janku in 1923 reported choroido-retinitis in the eye of an 
infant in which he demonstrated a protozdon which he described 
as a sporozdon. It is now agreed that the organism was in fact 
toxoplasma, and this case is accepted as the- first of human 
toxoplasmosis recorded. Similar cases were reported by Torres 
(1927), Richter (1936), and Wolf and Cowan (1937). In 1939 
Wolf, Cowan and Paige recognised the infecting protozdon as 
toxoplasma from its resemblance to that organism which was 
previously known to affect rodents. Since then reports of human 
cases have been published by numerous authors, and the disease 
has been carefully studied by Cowan, Wolf, Paige and others in 
America, and by Binkhorst in Holland. A brief summary of 
their researches may be of value. 

The organism.—Toxoplasma was discovered in 1908 by Nicolle 
and Manceau in the North African gondi. It is'a protozdon 
now considered by Sabin and Olitsky to be an obligate intra- 
cellular parasite. In its ‘‘free’’ and pathogenic form it is a 
slender lunate or slightly curved body measuring 4-7 x 2-4 
microns, becoming increasingly globular with age. Stained with 
Giemsa the cytoplasm is eosinophilic, and the nucleus hyper- 
chromatic. It is also found in multi-nuclear clumps or “‘ cysts” 
measuring 20-30 microns, and these probably represent aggre- 
gations of immature organisms. In this form it appears to cause 
no tissue-reaction so long as the enveloping cell-membrane is 
unbroken. The organism is demonstrated most readily in man 
in sections of post mortem material, heart, lung, muscle and 
testis, as well as in the brain and eye, but-it may also be recovered 
in living patients in the cerebro-spinal fluid, and rarely in 
centrifuged blood serum. 

Animal infections.—Toxoplasmosis has been recognised for 
more than 40 years as a disease of rodents. It also affects birds. 
It has been found in numerous wild animals, including squirrels 
and zoo animals in England, and it is important to note that 
spontaneous cases have been recorded in domestic animals, 
including the dog and fowl. Mice and rats are also susceptible, 
and undoubtedly there is an extensive animal reservoir of the 
parasite. How the infection is transmitted to man is not yet 
known. Possibly the mouse and rat, so numerous in this country, 
are important carriers, though spontaneous toxoplasmosis has not 
yet been reported in wild specimens. Ticks have been suggested 
as possible insect vectors between animals, and between animals 
and man. 
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Human infections.—In human infections the severity of the 
disease and: its predilection for the eye and central nervous 
system appear to vary inversely with the age of the patient. In 
adults the disease is slight, and may even be sub-clinical, though 
more often there is a febrile disturbance with mild broncho- 
pneumonia anda papillo-macular rash resembling that of typhus. 
Rarely a chronic encephalitis may occur. In children the disease 
is manifested as an encephalitis, and in infants a severe intra- 
uterine or early post-natal encephalo-myelitis develops, and it is 
this type which has up to now interested the ophthalmologist, 
on account of the regularity with which the eyes are involved. 
The eye infection is probably directly transplacental, though 
possibly the organism may reach the eye from the infected brain 
via the cerebro-spinal fluid along the optic nerve. It remains to 
be discovered whether ocular involvement follows infection other 
than intra-uterine, for if children infected post-natally —— an 
encephalitis this would not seem improbable. 

General manifestations.—In severe infections the infant may die 
before or shortly after birth. Advanced toxoplasmosis has been 
found in a stillborn baby. In milder cases there may be 
jaundice, convulsions, spastic deformities, splenomegaly, hepato- 
megaly and widespread focal encephalitis. leading, if the child 
survives, to multiple areas of cerebral calcification. These 
calcified areas are clearly shown by X-ray, and provide a valuable 
aid to diagnosis. They are found scattered throughout the cortex 
of all the lobes, as well as in the basal ganglia and thalami, and 
are of two types—curvilinear streaks, and globular bodies some 
3 mm. in diameter. Internal hydrocephalus generally results, 
but microcephaly may occur instead.. There is a varying degree 
of mental retardation, which in the mildest cases may be little 
more than delayed development of speech. Severe involvement 
of the eyes still further impedes progress. 

Ocular manifestations.—These are practically universal, and 
constitute a cardinal feature of the disease. 

The lesions in the two eyes are generally strikingly similar. 
Searching nystagmus associated with macular lesions is usual. 
Microphthalmos and other effects of arrested or abnormal ocular 
development are common, though not invariable. Gross persis- 
tence of pupillary membrane may be a feature, and less frequently 
posterior cortical cataract, posterior lenticonus and other develop- 
mental abnormalities may be found. Strabismus is common. 

The characteristic disturbances are found in the posterior 
segment, and consist of focal choroiditis affecting both macular 
regions as well as, generally, areas elsewhere in the fundi. 
Frequently the periphery of one or more quadrants is involved. 
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The active stage, not often observed, presents the appearance of 
one or more brawny red swellings in the fundus, particularly at 
the macula, in the centre of which there is a marked tendency 
towards necrosis. The inflammation is strictly focal, unaffected 
areas of the retina and the retinal vessels remaining normal. 
The vitreous likewise remains clear, except in close relation to 
foci of inflammation. The quiescent stage is, of course, more 
commonly seen. In this there are sharply demarcated, punched- 
out white areas of choroido-retinal atrophy, sometimes as much 
as 6 disc-diameters across. The edges may be scalloped, as often 
obtains in other forms of infantile choroiditis, and there is 
marked pigmentary disturbance, large masses of black pigment 
being found at the edge of the crater and, to a lesser degree, on 
its floor. Sometimes bands of grey connective-tissue, often very 
extensive, run in the vitreous from crater to crater. In this stage, 
too, the unaffected areas of retina and the retinal vasculature 
show no abnormality, and the vitreous in general is strikingly 
clear. Some degree of optic atrophy is usual. This may be 
consecutive and associated with retinal damage, especially at the 
‘ macula, or post-papillitic as a result of encephalitis. 

Histopathology.—Sections show areas of acute round-celled 
infiltration in the choroid and retina, with a marked tendency 
towards necrosis. The focai nature of the lesion is shown by the 
sharp margin between normal and inflamed tissues. The 
parasite has been demonstrated within inflamed areas. Follow- 
ing destruction of the retina there is a proliferation of glial tissue 
into the vitreous. Brain sections show similar granulomatous 
changes, and here the necrosis is followed by calcification. In - 
the optic nerve slight perivascular infiltration may be seen. 

Laboratory tests.—The cerebro-spinal fluid is usually xantho- 
chromic, contains excess of protein, and may show a mild 
pleocytosis. In a proportion of cases the parasite has been found, 
but since most are seen only after the acute stage has subsided, 
a negative result may often be expected. 

Serum reactions on the patient and mother are a valuable aid 
to diagnosis, and are of two types. A complement-fixation test 
can be performed, and the titre is an indication of the activity 
and severity of infection. An antibody fixation test (Sabin and 
Ruckman, 1942) is also employed. Tissue, usually mouse brain, 
known to be infected with toxoplasma is mixed with the serum 
of the patient, and also with that of a control, and injected intra- 
cutanously into a rabbit. A nodular necrotic lesion develops 
about the fourth day if no antibodies are present in the serum, 
and fails to develop if they are present. 

In some cases this test has proved negative during the first ten 
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weeks of the disease, and such a result probably indicates a low 
degree of serum reaction at this stage. A negative report, there- 
fore, does not disprove the diagnosis. Transmission of the 
disease to animals by injection of infected human cerebro-spinal 
fluid has also been performed. 

Differential diagnosis.— The disease requires differentiation 
mainly from other forms of intra-uterine or neonatal uveitis, and 
‘‘ pseudo-glioma.’’ Among these are congenital syphilis, 
metastatic choroiditis associated with pulmonary infections, and 
choroiditis secondary to meningitis. Multiple congenital abnor- 
malities are usually present in toxoplasma owing to arrested 
development of the eyes, and the central areas of choroiditis may 
be mistaken for bilateral colobomata of the maculae of mal- 
developmental or hereditary origin. Retinoblastoma may be 
suggested, though the findings are not very similar. Birth 
injuries involving the maculae with organisation in an extensive 
vitreous haemorrhage may be considered. Among rare con- 
ditions Tay-Sachs’ disease may occasionally be suspected, and 
tuberous Sclerosis has certain points of similarity, including areas 
of cerebral calcification, though its age-group is different. The 
diagnosis of toxoplasma will probably be reached if its possi- 
bility is considered, and it may be supported by the evidence of. 
skull X-rays and serum reactions, or proved by demonstration 
of the parasite. 

Treatment.—There is clearly no prospect of improving retina 
already destroyed, but the child may be treated in the active 
stage of the disease, and the mother during or before other 
pregnancies. So far chemotherapy has proved disappointing. 
Penicillin is ineffective, but sulphonamides, though inactive in 
vitro, seem to be effective in vivo. One cure has been claimed 
by the administration of sulphonamides and emetine. It is hoped 
that other drugs, especially organic preparations of arsenic and 
antimony, which are effective against other protozdal and 
Leishmania infections, may prove successful, since the organism 
is rather highly differentiated. 


COMMENTARY &. 


It is evident that any active or quiescent choroido-retinitis 
which may have originated’ in early life, especially if it is 
associated with convulsions and unusual skull size, or abnormal 
development of the eyes, should suggest the possibility of toxo- 
plasmosis. The characteristic lesions in the eyes are bilateral 
areas of focal choroiditis, frequently multiple, and almost 
invariably affecting both maculae. The intervening retina and 
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the retinal vasculature are normal. The vitreous is clear, but 
extensive bands of connective-tissue may run through this 
structure between areas of choroiditis. Associated ocular 
deformities, particularly microphthalmos and marked persistence 
of pupillary membrane, are common. In addition to the eyes and 
brain, other organs, especially the liver and spleen, may be 
infected. In suspected cases skull X-rays and serum-reactions on 
child and mother and siblings should be performed. Among the 
many preblems awaiting solution are the mode of transmission, 
the possibility of ocular toxoplasmosis occurring in other than 
congenital infections, and the treatment of the disease. 


Case REPORT 


A. H., a boy ‘now aged two years and eleven months, was first admitted to St. 
Thomas’s Hospital, London, at the age of six weeks for investigation, having been 
fretful and irritable and suffering from vomiting attacks for three days. The 
mother, who is rather deaf, reported that her health during pregnancy was good, 
and that labour was normal. The child’s birth-weight was seven pounds, and 
there was no. neonatal jaundice. Though a cat and a dog are now kept, there were 
no domestic animals except racing pigeons at the home before the patient’s birth, 
but the house was infested with mice. In the course of: examination hepatomegaly 
and splenomegaly were found, and the lungs were normal. A convergent squint 
was present, and defective vision was suspected, since the child did not appear to 

_Motice surrounding objects. The blood count was as follows: —R.B.C. 3,520,000. 


Fic, 1. 


Persistent pupillary membrane in right eye. 
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Hb. 60 per cent. W.B.C. 20,600. Polymorphs 12 per cent. Lymphocytes 80 per 
cent. Mononuclears 4 per cent. Eosinophils 2 per cent. Pathological monocytes 
2 per cent. Normoblasts 2 per cent. ‘The blood-Wassermann reactions of mother 
and child were negative. One week later a gluteal abscess was incised, and three 
months later other septic blisters appeared on the buttock, and there was a sharp 
vaccination reaction. At the age of eighteen months there had been one convulsion, 
with foaming at the mouth, 

The child was brought to the eye department when aged two-and-a-quarter years 
on account of squint and defective vision. He appeared rather backward for his 
age, but could see and grasp objects of moderate size, and would run by himself 


Fic. 2. 


Persistent pupillary membrane in left eye. 


around the room in play without knocking against furniture. On examination 
there was right convergent strabismus of about 25 deg., with apparent weakness 
of the external recti, and slight epicanthus on the left side, microphthalmos, per- 
sistent pupillary membrane, congenital lens opacities, and in the right eye what 
appeared to be a macular coloboma and a patch of connective tissue in the upper 
nasal quadrant. He was thought to be suffering from multiple congenital malfor- 
mations. Unfortunately six months elapsed before he was seen again for 
examination under general anaesthesia. The child is hydrocephalic, the Skull cir- 
cumference being 19} inches. The fontanelles are closed. The eyes are slightly 
microphthalmic, the cornese measuring 9:5 mm. in diameter. The right convergent 
strabismus is unchanged, and fixation is defective. In both eyes there is very 
marked persistence of pupillary membrane, and localised opacity in the anterior 
lens capsule. The pupils react to light, and there is no evidence of past inflamma- 
tion in the anterior segment of the eyes. Owing to these abnormalities a clear view 
of the fundi is difficult to obtain. It is, however, evident that in the right macular 
region there is an area of choroido-retinal atrophy approximately 4 disc-diameters 
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in size. Large choroidal vessel8 are visible in the base of the crater, and there is 
considerable pigment disturbance, especially at the temporal edge. In the upper 
nasal periphery. there is a patch of light grey connective-tissue lying in front of the 
retina similar in size to the macular lesion. So far as could be observed, there are 
no other abnormalities. In the left eye no definite macular lesion resembling that 
in the right eye could be seen but the area immediately temporal to the optic disc 
appeared somewhat pale, suggesting a milder degree of choroidal disturbance. Some 
glial tissue is visible in the upper periphery of the fundus. It was clear at this 


Fia. 3. 


Right fundus showing macular and peripheral lesions. 


Stage that the case was probably one of toxoplasmosis, and that our earlier diagnosis 
was incorrect. X-rays of the skull, now performed, show multiple areas of calcifi- 
cation including one curvilinear streak in the brain. The serum-reaction to 
toxoplasma is strongly positive, the complement-fixation being 100 per cent. at Es 
surprisingly high titre of 1/256. There is no fixation of normal antigens. 4Ne 
cerebro-spinal fluid is clear, and contains per millilitre 2 cells, 35 mg. protein — 
no excess of globulin, 738 mg. of chlorides and 0-069 per cent. of sugar. r 
parasites were found. The skull X-rays of mother, father and sister are norma’, 
and their sera all negative to toxoplasma at a titre of 1/2. 
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Fic, 4. 


Left fundus showing similar lesions, but less conspicious than those of right eye. 
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Fia. 6. 


X-rays of skull showing multiple areas of calcifigation. 
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Though no toxoplasma parasites have been discovered, and it is perhaps rather 
late to expect a positive finding, there can be no doubt concerning the diagnosis, 
The mother’s negative serum-reaction is difficult to explain. It is conceivable that 
the child acquired the infection after birth, but this would appear highly improbable 
in view of the extremely early age at which the sight was thought to be abnormal, 
and the presence of developmental abnormalities such as gross persistence of 
pupillary membrane. The mother is now seven months pregnant. X-rays of the 
foetal skull show no abnormal calcification at present, but this next child will be 
examined for toxoplasmosis soon after birth, 

My thanks are due to Dr. J. A. Dudgeon for performing the serological tests, and 
to Dr. B. R. D. Wilson for information regarding the general condition of the 
patient. 
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VASCULAR CHANGES IN DIABETES WITH 
PARTICULAR REFERENCE TO THE 
RETINAL VESSELS 


Preliminary Report * 
BY 


NORMAN ASHTON 
From the Department of Pathology, Institute of 
Ophthalmology, London. 


RECENT advances in pathological and clinical studies of diabetes 
indicate that at least some of the more important complications 
of this disease may have a common underlying cause, namely, a 
vascular degeneration. There is already an extensive literature 
referring to retinopathy, intercapillary glomerulosclerosis, peri- 
pheral neuritis and generalised athero-sclerosis in diabetes; their 
inter-relationship has been repeatedly emphasised and it is sug- 
gested that they. should be regarded as different manifestations 
of the same underlying pathology. 





Dedicated to Professor J. Meller. 
* Received for publication, May 9, 1949. 
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As long ago as 1921 Wagener and Wilder pointed out that 
retinopathy of a diabetic type was almost always complicated by 
vascular or renal disease, and in 1984 Wagener, Dry and Wilder 

“studied 1,052 diabetic cases and noted the association of 
retinopathy with disease of the peripheral nerves, which occurred 
in 25 per cent. of all cases in which retinopathy was present. The 
possibility occurred to them that lesions like those observed in 
the retina may also arise in relation to the peripheral nerves, and 
they further suggested that similar lesions affecting the vasa 
vasorum of the larger arteries might contribute to the athero- 
sclerosis of those vessels, which occurs so frequently among 
diabetic patients at an earlier age than is common among persons 
who are not diabetic. 

In 1936 Kimmelstiei and Wilson described the deposition of 
a hyaline material in the intercapillary connective tissues of the 
glomeruli of the kidney, and they were surprised to find, on 
reviewing the clinical data, that there was a previous history of 
diabetes in all their cases except one. They termed the lesion 
intercapillary glomerulosclerosis. Allen (1941), in an attempt to 
establish the significance of the renal lesion, carried their work 
to a further stage, and reported the examination of the kidneys 
from 105 consecutive patients with diabetes, 100 consecutive non- 
diabetic patients with hypertension, 100 consecutive non-diabetic 
patients without hypertension, and 34 patients with glomerulo- 
nephritis; the kidneys were studied with a variety of special 
Stains, principally from the point of view of glomerular change. 
A characteristic - focal glomerular hyalinisation of the type 
described by Kimmelstiel and Wilson was found in 33 per cent. 
of diabetic patients over the age of 40. The diabetic lesion was 
easily distinguishable from the glomerulosclerosis of nephro- 
sclerotic kidneys from non-diabetic persons and from the 
glomerular hyalinisation of glomerulo-nephritic kidneys, but he 
regarded the diabetic lesion as a focal intramural glomerulo- 
sclerosis rather than an intercapillary hyalinisation as had 
hitherto been considered. The lesion was offered as the most 
reliable criterion available for the histological diagnosis of 
diabetes mellitus in cases over the age of 40. Bell (1942) con- 
sidered the nodular type of glomerular lesion as almost 
pathognomonic for diabetes. 

Henderson et al. (1947) found intercapillary glomerulo- 
sclerosis in 19:5 per cent. of 313 diabetic patients on whom 
necropsies were performed. That the lesion is not completely- 
specific is shown from the fact that it was also found in 12:3 per 
cent. of 81 cases of glomerulo-nephritis and in 5-2 per cent. of 
134 cases in which death was due to hypertension and its compli- 
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cations. Severe lesions, however, were by far the most frequent 
in cases of diabetes. He concluded that although intercapillary 
glomerulosclerosis cannot be diagnosed clinically with complete 
certainty, it should be strongly suspected in patients who have 
diabetes mellitus of long standing associated with albuminuria, 
hypertension, renal insufficiency and diabetic retinopathy; he 
adds that the more advanced types of diabetic retinopathy are 
more or less regularly associated with this renal lesion. 
Kimmelstiel and Porter (1948), reviewing the accumulated 
experience since their first publication, stated, from a selection 
of statistics, that intercapillary glomerulosclerosis of the nodular 
type occurs approximately in 17 per cent. of all diabetics, and 
twice as often in women as in men. It is rare in the first two 
decades of life, maximum at the sixth decade, and then declines. 
Retinopathy occurs in 86 per cent. of cases with the advanced 
lesion. 

In 1948, 1944 and 1945 Ballantyne and Lowenstein investigated 
diabetic retinopathy from the clinical and pathological point of 
view and came to the conclusion that it was a separate entity 
quite distinct from the retinopathy of hypertension. They 
reported upon observations ‘of the unstained flat retina, examined 
in bulk, and of the retina stained in vertical and horizontal serial 
sections; they gave reasons for believing that the so-called 
punctate haemorrhages seen on ophthalmoscopical examination 
are in fact globular micro-aneurysms which occur, almost with- 
out exception, in the inner nuclear layer from the capillaries 
which link the more. superficial capillary network in the nerve 
fibre layer with the deeper plexus at the outer boundary of the 
inner nuclear layer. They noted that these lesions may be a 
source of haemorrhage by diapedesis or rhexis, and that they 
may undergo a process of thrombosis and cicatrisation. Their 
investigations, using Sudan and Scarlet R. staining, led them 
to conclude that these structures, and the other venous changes 
of which they are a part, are due to the combination of venous 
engorgement with localised fatty degeneration of the vessel wall, 
and they postulated an unknown selective circulatory chemical 
toxin as the probable aetiological factor. Ballantyne (1945) stated 
that micro-aneurysms may occur alone and seem to be the earliest 
unequivocal sign of diabetes. Elwyn (1941) is inclined to regard ° 
the lesions simply as capillary dilatations rather than true 
aneurysms, and he interpreted them as evidence of ‘‘ prestasis’’ 
in the. retina; he believed that, in a person who has hyper- 
glycaemia of prolonged duration, the persistently high sugar 
level influences the terminal vessel units to produce dilatation 
which results in stasis with a state of chronic sub-nutrition and 
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deficient oxygen supply, with the consequent appearance of 
lipoids and hyaline material. 

This brief review of the literature indicates that there is now 
ample evidence of a proclivity to a particular type of vascular 
degeneration in diabetes, particularly in long-standing diabetics 
in the older age-groups. As might be expected, and as Stocks 
(1944) and Joslin (1946) have shown, diabetics are living longer 
since the introduction of insulin, and the complications resulting 
from vascular disease are becoming correspondingly more 
frequent. Wagener (1945) reviewed the position of retinopathy 
in the light of modern knowledge, and he pointed out the serious 
fact that the frequency of its occurrence is increasing steadily. 
Croom and Scott (1949) have shown, however, from a clinical 
examination of 60 diabetics, that vascular complications are by 
no means inevitable even as late as 26 years after the onset of 
diabetes; nevertheless, a proper understanding of the pathology 
of the changes in the vascular system in the diabetic is clearly 
one of urgency and importance. 

Little work has yet been done upon the correlation of the 
histological changes in the retinal vessels with those in the vessels 
elsewhere in the body. Ballantyne and Lowenstein confined their 
Studies to the eye, and the renal lesions have been related only 
to the ophthalmoscopical appearances of the retina. An investi- 
gation has therefore been started in this department to compare 
the histopathological changes in the diabetic retina with disease 
in the vascular system generally. So far the post-mortem 
material from 24 diabetics has been examined, but since the eyes 
were not available for microscopical examination in three of the 
cases, only 21 are reported here. It is realised that this is a small 
series of cases, but the number of diabetics dying in hospital is 
not great; post-mortems are not carried out in every case, and 
only in a small proportion of these can permission be obtained 
to examine the eyes. It has, therefore, been thought advisable 
to issue a preliminary report setting out our findings to date. 


METHODS AND TECHNIQUE 


The post-mortem material from 21 diabetics was subjected to the following 
investigations : — 

Eyes: In two cases the posterior half of the eye was removed through the orbital 
roof; in all other cases one or both eyes were removed in toto. Where the whole 
eye was obtained it was fixed in 10 per cent. formal saline, frozen, cut transversely 
through the ora serrata and the frozen vitreous removed with forceps. It was 
realised early in the investigation that it is unsatisfactory to remove the posterior 
half of the eye at post-mortem. Retraction of the retinal vessels gives rise to the 
formation of loops which superficially resemble aneurysms (Fig. 1 and 2): great 
care must be taken in interpreting the appearances of such a specimen. The eye 
should always be removed completely and fixed in formal saline before ovening. 
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Retina: The posterior attachment of the retina was severed by gently twisting 
a small capillary tube, the size of the disc, around the nerve from the inside. The 
retina was then floated out of the globe i in saline and mounted in a glass sphere of 
the same shape and size. The specimen was thus examined macroscopically and 
in the slit-lamp; it was subsequently photographed in the sphere to record the 
severity of the retinopathy and the site of the micro-aneurysms (Fig. 3). The 
retinae were then removed and studied ina variety of ways : — 

(a) Flat retina stained with the per-iodic method of Hotchkiss and McManus 
(1948, 1946) as applied by Friedenwald (1948) (Fig. 4) and the acetic-carbol-sudan 
method of Jackson (1944). 

(6) Flat retina stained by the following method, devised in this laboratory, to 
demonstrate the blood content of the vessels. 

70 per cent. alcohol. 5 minutes. 

Saturated solution of benzidene in absolute alcohol. 5 minutes. 

Ozonic ether—until the blue colour is well developed. 

Xylol until clear and until bubbles have ceased to evolve (usually about 15-30 

minutes), 

Mount flat in canada balsam. 

(c) Horizontal and vertical serial sections of the retina were stained with 
haematoxylin and eosin, Hotchkiss-McManus technique, Kimmelstiel-Wilson’s 
basement membrane stain and Wilder’s silver stain. 

(d) The unfixed retina was shaken up with saline until it disintegrated; the 
suspension was centrifuged and the deposit stained with the Hotchkiss-McManus 
method. By this means vessels could be examined separate from retinal tissue. 


Iris. The pigment layer was removed by blunt dissection under saline and the 
specimen was laid flat and stained in bulk with the Hotchkiss-McManus method. 
Horizontal serial sections of the iris were also stained by this technique. 


Ciliary body. In tases where diabetic retinopathy was found the ciliary body 
was examined by seriak sections stained with the Hotchkiss-McManus method. 


Choroid. The choroid was removed from the eye, bleached with chlorine gas 
and stained as above. Saha 


Conjunctiva. In some cases there was sufficient conjunctiva for examination and 
a biopsy of conjunctiva was taken from a patient with diabetic retinopathy during 
an operation for cataract. The membrane was laid flat and stained by the 
Hotchkiss-McManus method. 


Viscera. ‘The capsules of the kidney and liver, the pleura, pericardium, 
omentum, peritoneum and bladder wall were fixed in formal saline and examined 
flat, in bulk, stained by the Hotchkiss-McManus and benzidene techniques. Figs. 
5, 6, 7 and 8 show the vessels stained by both methods. 


Brain. The vessels of the brain were examined (a) by smears of the fresh brain 
tissue stained with the Hotchkiss-McManus technique and (b) by shaking the fresh 
brain tissue in saline until the tissue was completely disintegrated; the suspension 
was then poured into a flat dish and the minute vessels were picked out with forceps 
and examined unstained and stained with methylene blue (Fig. 9) and the 
Hotchkiss-McManus method, 

Paraffin sections were cut of the liver, kidney, heart, brain, lung and pancreas 
and they were stained with haematoxylin and eosin. Further sections were stained 
with the Hotchkiss-McManus technique, Kimmelstiel-Wilson’s basement membrane 
stain and Wilder’s silver stain. Frozen sections of the kidney were stained with 
Acetic-Carbol-Sudan (Jackson). 

For the staining of paraffin sections of the kidney we found Friedenwald’s modi- 
fication of the Hotchkiss-McManus technique unsatisfactory. The following 
modification was evolved in the department and excellent results were obtained : — 


SOLUTIONS. Fak 
Periodic Acid Soln. A. Sty oe 400 mg. periodic acid. 
(Hotchkiss) 10 ml. distilled water. 
5 ml. M/5 sodium acetate solution. 
Immediately befote use mix 15 ml. of this solution with 35 ml. ethyl alcohol. 
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Reducing Rinse 1 g. potassium iodide. 


(Hotchkiss) 1 g. sodium thiosulphate 
(pentahydrate), 
20 ml. distilled water. 
Add with stirring 30 ml. ethyl alcohol. 
and then add 0-5 ml. 2 N HCl. 
Leave for the deposit of sulphur to settle. 
Fuchsin-sulphite Solution ... ae (A) 0-2 g. Basic fuchsin (as obtained 
(Gradwohl, Vol. 11, from Gurr for Feulgen’s reaction) 
page 2026). dissolved in 120 ml. of hot distilled 


water. Cool. 
(B) 2 g. sodium bisulphite in 20 cc. 
distilled water. 
Add (A) to (B) then add ‘to the whole 2 ml. concentrated hydrochloric acid, mix, 
and dilute the reagent to 200 ml. with distilled water. 
Before use, leave overnight in the dark. 
The solution should be a pale straw colour or colourless. 


Saturated sulphurous acid ... .-- To200 ml. distilled water add 
(Carleton and Leach, 10 ml. 10 per cent. anhydrous sodium 
page 63). bisulphite soln. 


and then 10 ml. N/1 HCl. 
This solution should be made up fresh on the day of use. 
Formalin fixed tissue. Paraffin sections 4 microns thick. 
Bring sections to 70 per cent. spirit: 


METHOD. 


Alcoholic periodic acid. Solution A. 1 hour. 
Rinse in 70 per cent. spirit. 
Reducing rinse. 5 minutes. 
Rinse in 70 per cent. spirit. 
Fuchsin-sulphite solution. 14 hours. 
Saturated solution sulphurous acid 2 changes of 10 minutes each. 
Wash in tap water 10 minutes. 
Dehydrate quickly through spirit and alcohol. Clear in xylol and mount in 
canada balsam. 
Contro_s: Retinae were removed from all eyes coming to the department for 
routine examination and the retinae were examined flat after staining with the 
Hotchkiss-McManus method. 


FD Si foe 


RESULTS AND DISCUSSION 


To facilitate discussion our findings will be described under the 
questions we set out to answer. 


1. Are the vascular lesions in the retina true aneurysms (Ballan- 
tyne), simple capillary dilatations (Elwyn), nodular exudates 
or encysted haemorrhages ? 

An aneurysm is usually defined as a localised arterial dilatation, 
formed by the vessel walls, within which blood circulates. Since 
these retinal lesions are largely confined to the venous side of the 
capillary network, the term is not strictly applicable to them; 
however, even if the name of capillary micro-aneurysm is accepted, 
it must still be decided whether these globular swellings on the 
vessels in diabetic retinopathy are vascular diverticula with walls 

















Fic. 1. 


Case 8. Retina removed from the posterior half of the eye at post- 
mortem. The vessels have retracted to form loops which superficially 
resemble micro-aneurysms. Benzidene stain. X 66. 





Fic. 2. 


Case 8. High power view of Fig.1. Shows looping of retinal vessels. 
Benzidene stain. 950. 





Fic. 3. 


Case 14. Retina removed from the left eye and mounted in a glass 
sphere. Shows diabetic retinopathy stage III, with ‘‘ dot and blot’’ 
haemorrhages scattered throughout the retina but particularly aggre- 
gated in the posterior polar region. 





Fic. 4. 


Normal retina showing the vessels stained by the Hotchkiss-McManus 
(Friedenwald) method. Flat preparation. 66 


Meningeal‘vessels from a case with diabetic retinopathy. There is no 
evidence of aneurysm formation. Flat preparation. Benzidene stain. 
X 54. 





Fic. 10. 


Case 14. Horizontal serial sections of the left retina. The upper 
section shows the inner wall of the aneurysm, the middle section passes 
through the centre and the lower section shows the outer wall. 
Hotchkiss-McManus (Friedenwald) stain. X 300. 








Fig, 11. 


Case 21. Retinal capillary showing the vessel wall distending to form 
an aneurysm. Horizontal section of fhe retina. Hotchkiss-McManus 
(Friedenwald) stain._ X 1066. 





Fia, 12, 


Case 21. Retinal capillary showing early micro-aneurysm formation. 
Horizontal section of the retina. Hotchkiss-McManus (Friedenwald) 
stain. X 932. 





Fic. 13. 
A well defined 


Case 15. Retinal vessels shaken free of retinal tissue. 
micro-aneurysm is present and the afferent and efferent vessel may be 


seen. Hotchkiss-McManus (Friedwald) stain. 422. Diameter of 


aneurysm 77 microns. 











Fie. 14. 


Case 15. Retinal vessel shaken free of retinal tissue. The intensely 
staining basement membrane can be seen extending into the wall of the 
aneurysm. Hotchkiss-McManus (Friedenwald) stain. X 684. 

















Fic. 15. 


Case I5. Retinal micro-aneurysm shaken free of retinal tissue. There 
is degeneration and proliferation of the vessel wall: the basement 
membrane splits and disappears at the edge of the aneurysm. 
Hotchkiss-McManus (Friedenwald) stain. . < 666. 





Fic. 16. 


Diabetic retinopathy. Flat retina stained with benzidene showing 
irregular haemorrhages and micro-aneurysms containing blood. X 60. 








FiG. 17. 


Diabetic retinopathy. High power view of Fig. 16. Shows a capillary 
micro-aneurysm containing blood. X 168. 


Fic. 18. 


Case 14. Retinal micro-aneurysms. Left retina stained flat by 
Hotchkiss-McManus (Friedenwald) method. X 76. 




















Fic. 19. 


Case 14. High power view of two adjacent retinal micro-aneurysms 
seen also in Fig. 18. The lesions are remarkably localised and the 


remainder of the vessel appears normal. Hotchkiss-McManus 
(Friedenwald) stain. > 390. 











Case 14. 





Fic. 20. 


Micro-aneurysm with surrounding haemorrhage. Left retina 


stained flat. Hotchkiss-McManus (Friedenwald) method. X 120. 

















Fic, 21. 


Case 15. Intercapillary glomerulosclerosis from a case with stage 1V 
diabetic retinopathy. Note the club-shaped masses of hyaline material 


extending into the intercapillary connective tissue.. H. and E. X 388. 





FIG. 22. 


Case 24. Glomerulus showing intercapillary glomerulosclerosis, 
Hotchkiss-McManus stain (author's modification). > 250. 














Fic. 23. 


Case 24. Nodular type of intercapillary glomerulosclerosis showing 


lamination in the hyaline material. . Paraffin section. Wilder's silver 
stain XK 254. 





Fic. 24. 


Case 15. Retinal exudate showing lamination. Compare with Fig. 23. 
Wilder’s silver stain. X 660. 





Fic. 25, 


Case 24. Nodular type of intercapillary glomerulosclerosis showing 
localised dilatation of the vessels. Paraffin section H.and E. X 254. 
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formed by the coats of the vessels, or whether they are lesions 
unconnected with the vessel lumen. There is already consider- 
able evidence that they are true aneurysms, for Ballantyne has 
shown that many of them at least are connected to a vessel, and 
his examinations of the flat retina have demonstrated blood 
within them. More recently, Friedenwald (1948) has applied the 
technique of Hotchkiss and McManus to the flat retina, and he 
has demonstrated the lesions in a most striking way. By this 
method polysaccharides are oxidised to polyaldehydes by periodic 
acid and-the preparation is then stained with fuchsin-sulphite 
(Schiff’s reagent); the exact details of the technique are given 
in Friedenwald’s paper. Even better differentiation can be 
obtained if the rods and cones are first brushed off with a fine 
camel-hair brush. The vessel walls stain red and a more 
intensely staining basement membrane may be seen beneath the 
vascular endothelium. Friedenwald regarded the vascular nodules 
in diabetes as true aneurysms because they had an afferent and 
efferent connection; although this is a point in favour, it is not 
completely convincing, and we have sought to obtain an actual 
section of one of these lesions at the site of its vascular origin. 
This was eventually obtained in a series of horizontal sections 
of the retina, stained with the Hotchkiss-McManus method (Fig. 
10), and it leaves little doubt that these vascular ‘nodules are in 
fact true aneurysms. This is further supported by Fig. 11, 
which shows the vessel wall distending to form the aneurysm. 
Aneurysmal formation at an early stage is shown in Fig. 12. 
Figs. 13 and 14 are vessels floated out of the retina as described 
earlier; Fig. 13 clearly shows the afferent and efferent vessels, 
and Fig’. 14 shows the basement membrane continuing into the 
aneurysmal wall; and Fig. 15 shows not only aneurysmal 
formation, but also degeneration and proliferation of the vessel 
wall. It will be seen that the basement membrane disappears 
suddenly at the edge of the aneurysm. That the aneurysms 
contain blood is clearly shown in the flat retina stained by the 
benzidene method (Figs. 16 and 17); this was further demon- 
strated in serial sections stained with haematoxylin and eosin. 
One of the most striking features of these lesions is that their 
point of origin may be extraordinarily localised. In most cases 
they arise from one side of the vessel only, while the opposite 
side appears perfectly normal, showing no signs of distension. 
The two aneurysms shown in Figs. 18 and 19 apparently arise 
from two adjacent foci, which must have been remarkably well 
circumscribed by healthy tissue for such a lesion to have resulted. 
Fusiform aneurysms are uncommon; the majority are saccular 
diverticula. 
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From this evidence we are,-therefore, able to confirm Ballan- 
tyne’s original contention that these lesions are true micro- 
aneurysms. 


2. Where are the aneurysms situated in the retina? 


It has long been known that the fundus haemorrhages in 
diabetes are at first confined to the and peri- 
and that they take the form of ‘‘ dots and blots.’’ In the later 
stages they become larger ‘and more widespread while more 
irregular haemorrhages then predominate. The Hotchkiss- 
McManus staining technique as modified by Friendwald demon- 
strates better than any previous method that the well defined 
‘‘ haemorrhages ’’ are all micro-aneurysms and that the irregular 
haemorrhages are extravasations of blood usually related to an 
aneurysm which appear to arise either by diapedesis of the red 
cells through the aneurysmal wall (Fig. 20) or by actual rupture 
of the aneurysm. This has already been demonstrated by 
Ballantyne and Friedenwald. In this series of cases examination 
of the retina mounted in a glass sphere showed both types of 
lesions scattered throughout the fundus but particularly aggre- 
gated in the posterior polar region. The anterior nasal area 
appears to be the least affected; in one of our cases, however, 
micro-aneurysms were evenly scattered throughout the whole 
fundus. Microscopical examination confirmed Ballantyne’s report 
that they are situated mainly in the inner nuclear layer in the 
course of the capillaries which link the deeper and more super- 
ficial capillary plexus of the retina. 


3.° Do micro-aneurysms occur elsewhere in the eye when diabetic 
retinopathy is present ? 

In all cases in which diabetic retinopathy was present the iris, 
ciliary body and choroid were removed for examination by the 
methods previously described. After a prolonged search no definite 
micro-aneurysms were found in any of the preparations. No 
micro-aneurysms were found in the conjunctiva removed at post- 
mortem or in the biopsy specimen. From this small series of 
cases it is, therefore, legitimate to conclude that micro-aneurysms 
probably do not occur in the eye apart from the retina. 


4. Do micro-aneurysms occur elsewhere in the body when 
diabetic retinopathy is present? 

Examination of the cerebral vessels and of flat preparations 
of the omentum, peritoneum, pleura, pericardium, meninges, 
bladder wall, liver and renal capsules showed no evidence of 
micro-aneurysmal formation in any case, irrespective of whether 
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retinopathy was present or not. Serial paraffin sections of the 
organs removed at autopsy have not yet been studied but judging 
from the evidence so far obtained it would appear. that micro- 
aneurysms do not occur in the vessels of the brain or serous 


membranes. 


5. What gives rise to micro-aneurysms and why are they con- 
fined to the retina? 

In attempting to explain the formation of micro-aneurysms in 
diabetic retinopathy, Ballantyne (1945) has suggested that they 
may result from the injurious effects of an unknown circulating 
chemical toxin, which is highly selective for the retinal capillaries. 
That such specific toxins exist ‘is well known; Ballantyne draws 
an analogy with alloxan (mesoxalyl urea), which when admini- 
stered to experimental animals destroys only the pancreatic islets 
(Dunn et al, 1943). The presence, however, of intercapillary 
glomerulosclerosis and other vascular lesions in diabetes, together 
with the frequently reported increase in capillary fragility, as 
measured by compression of the arm, indicate that the vascular 
disease is much more widespread and it would seem probable that 
the formation of aneurysms in the retina is simply an_expressi 
of this vascular degeneration brought ahout by mecanica faces factors 
secullee either to the retinal vessels themselves or to their immedi- 
ate environment. Clinicians have often commented upon the 
engorgement of the retinal veins in diabetes and Michaelson and 
Campbell (1940), in a study of the anatomy of the finer retinal 
vessels, have pointed out that the deep plexus of vessels is a ‘more 
closely-knit meshwork than the superficial one and that venous 
stasis is consequently most felt in these capillaries: it is in the 
deep plexus that the majority of micro-aneurysms occur. _In 
other words it would appear oat aneurysm formation is related 
to. verious stasis and the re of the retinal ca 

e cause of the venous stasis is unknown. Hyper- 
glycaemia of long duration is the important factor according to 
Elwyn, but Cristini and Tolomelli (1947) affirm that in the diabetic 
subject with retinitis there is frequently sclerosis of the larger 
pre-capillaries in the retina which brings about a condition of _ 
stasis with a resulting decrease of retinal arterial pressure and an 
increase of retinal venous pressure. The correct explanation, 
however, remains obscure. 

Weinstein (1948) has suggested that haemorrhages in the 
diabetic fundus occur when dilatation of the retinal capillaries is W 
associated with low ocular tension. It may be possible, therefore, 
that variations in ocular tension resulting from fluctuation in the 
blood sugar level may also be a factor in the formation of micro- 
aneurysms. 
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6. What is the relationship of Kimmelsteil-Wilson’s inter- 
capillary glomerulosclerosis to diabetic retinopathy ? 


In order to relate these two conditions it was first necessary to 
classify them in stages of severity. In deciding upon the presence 
or absence of intercapillary glomerulosclerosis, mild diffuse inter- 
capillary thickening was neglected and only those sections show- 
ing definite globular or club-shaped masses of ‘“‘ hyaline ”’ 
material in the glomerular tuft were considered. positive and they 
were categorised as mild, moderate and severe according to the 
observer’s impression of the degree and extent of the pathological 
change (Figs. 21 and 22). 

The existing classifications of diabetic retinopathy refer to 
ophthalmoscopical appearances but minute aneurysms could be 
seen in the microscopical examination of the retina when the 
fundus appearances in life were normal. For the purpose of this 
investigation, therefore, the following grouping based upon 
Ballantyne’s (1946) clinical classification was adopted :— 

I. Subclinical stage. Where micro-aneurysms were found 
only on microscopical examination of the stained retina. 

II. Mild stage. Changes chiefly in the central area; micro- 
aneurysms with or without punctate exudates. 

III. Moderate stage. Dot and blot haemorrhages with confluent 
waxy exudates. 


TABLE I 
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IV. Severe stage. Massive exudates and extensive retinal 
haemorrhages. Retinitis proliferans, detachment of the retina 
and vitreous haemorrhages. 

As will be seen in Table I, retinopathy, as defined above, was 
present in 12 (57.12 per cent.) of the 21 cases examined and of 
these 7 (58.3 per cent.) showed Kimmelstiel-Wilson’s disease of 
the kidney. The renal lesion was not found in any case where the 
retinal vessels were normal; the intercapillary glomerulosclerosis 
was always accompanied by retinal micro-aneurysms. Of the 5 
cases of diabetic retinopathy in which the glomeruli were normal, 
4 were subclinical and 1 was mild. The 8 more advanced forms of 
retinopathy were each associated with intercapillary glomerulo- 
sclerosis. This is too small a series of cases from which to draw 
conclusions of any great value but the implications appear to be 
that intercapillary glomerulosclerosis in the diabetic is regularly 
associated with retinal micro-aneurysms, whether they are detect- 
able ophthalmoscopically or not, and that while retinopathy in 
the early stages may or may not be associated with the renal com- 
plication, the severe form is probably always associated with inter- 
capillary glomerulosclerosis, but, when the two lesions co-exist, 
there is no correlation between their degrees of severity. These 
findings, as far as they go, are in accord with the report of 
Henderson et al. that advanced retinopathy is more or less regu- 
_ larly associated wth intercapillary glomerulosclerosis. Kimmel- 
stiel and Porter found retinopathy in 86 per cent. of cases with 
the advanced renal lesion, but this percentage was based upon 
ophthalmoscopical appearances; it is probable that if it had been 
possible to examine the retinae microscopically a much higher 
figure would have been obtained. As stated above, microscopical 
or ophthalmoscopical retinopathy was present in 100 per cent. of 
our cases with intercapillary glomerulosclerosis, irrespective of 
the degree of severity of the glomerular involvement. It will be 
interesting to see whether this incidence is maintained in a larger 
Series. . 

The problem of the aetiological relationship of the retinal and 
renal lesions is a less simple one, but after studying sections of 
intercapillary glomerulosclerosis and diabetic retinopathy side by 
Side, it is difficult to resist the conclusion that one is dealing with 
manifestations of exactly the same pathological process modified 
by the different anatomical structures. In both there is localised 
capillary dilatation; in both there is localised degeneration and 
proliferation of the vessel wall. In one there is the formation of 
‘“hyalin ” and in the other of ‘‘ waxy exudates ’’; the chemical 
Structure of neither is known and they may well be closely related. 
Allen’s (1941) detailed studies of the glomerular lesion included 
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an attempt to assign definitive characteristics to the generic term 
‘“‘hyalin’’ by tryptic digestion and special staining; in the 
diabetic lesion he found resistance to tryptic digestion, affinity 
for aniline blue and marked argyophilia and lamination with silver 
stain. To this can be added the fact that this ‘‘ hyalin ”’ stains 
red with the Hotchkiss-McManus method. Apart from tryptic 
digestion, which we have not yet tried, all the above reactions may 
be demonstrated in the diabetic ‘‘ waxy exudates ’’ (Figs. 23 and 
24). Frozen sections of the kidney and retina stained with acetic- 
carbol-sudan show that both the ‘‘ hyalin’’ and ‘‘ exudate ”’ are 
intimately mixed with fat globules. | Widespread difference of 
opinion exists among pathologists as to the exact site of the 
deposition of ‘‘ hyalin’’ in the glomerulus; Kimmelstiel and 
Wilson claim that it is in the intercapillary connective tissue and 
Allen states that it is intramural. If we assume that there is, in 
fact, a close relationship between the retinal and renal lesions, 
a study of the retinal vessels in diabetes may throw some light on 
the problem. In the retina the vessels show a degeneration and 
proliferation of the vessel wall itself (Fig. 15) with the passage 
of ‘‘ exudates ’’ into the surrounding tissue. By analogy, there- 
fore, it would seem possible that the hyalin in Kimmelstiel- 
Wilson’s disease may be both intramural and _ intercapillary. 
Friedenwald suspects that the capillary dilatations associated with 
intercapillary glomerulosclerosis (Fig. 25) are also micro- 
aneurysms and on these grounds he brings the lesion into line 
with the retinopathy. Even if this were true, the presence of 
hyaline masses compressing the capillaries in the glomerulus, 
within the confines of Bowman’s capsule, offers a purely mechani- 
cal explanation for the presence of localised capillary dilatations, 
which cannot apply in the retina, and it is doubtful whether the 
similarity of the lesions is more than superficial. Apart from this 
point, however, we are in complete agreement with Friedenwald’s 
suggestion that both intercapillary glomerulosclerosis and diabetic 
retinopathy are manifestations of the same vascular process. 
Redslob (1948) believes that it is impossible to distinguish 
ophthalmoscopically between diabetic _and_ nephritic retinal 
lesions; the only difference he recognises is the absence of oedema 
in diabetic retinopathy and in his view, the two are analagous if 
not identical. Redslob feels that the answer. to the problem of 
diabetic retinopathy is to be found in intercapillary glomerulo- 
sclerosis and he thinks it extremely probable that the renal lesion 
gives rise to the retinopathy. Our findings do not support this 
theory. A reference to Table I shows that no less than 5 of our cases 
had retinopathy without any evidence of glomerular involvement 
and this finding together with the fact that the more severe form 
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of retinopathy is regularly associated with intercapillary 
glomerulosclerosis' suggests rather the reverse of Redslob’s 
argument, 1.e., that the retinal disease precedes the renal lesion. 
That the development of intercapillary glomerulosclerosis may 
aggravate the retinopathy cannot be denied, however. 

Thus the aetiology of both the renal and retinal lesions remains 
obscure and the elucidation of their exact relationship must await 
the solution of the larger problem of the cause and nature of the 
widespread vascular degeneration in the diabetic. 


SUMMARY 


Accumulated experience in pathological and clinical studies 
during the last few years points to a particular type of vascular 
degeneration in diabetes which is responsible for at least some of 
the more important complications of this disease. The evidence 
in the literature for this conclusion is briefly reviewed. 

An investigation is being undertaken to compare the histo- 
pathological changes in the diabetic retina with disease in the 
vascular system generally and a preliminary .report is given upon 
the examination of post-mortem material, including the eyes, from 
21 diabetic patients. 

The vessels of the retina, choroid, ciliary body, iris, conjunc- 
tiva, brain, meninges, pleura, pericardium, omentum, ‘peritoneum, 
bladder mucosa and the capsules of the kidney and liver were 
examined by new methods of staining and preparation. 

Ballantyne’s report that the globular lesions on the retinal 

_vessels are true capillary micro-aneurysms is confirmed and the 
methods employed have demonstrated further features in their 
morphology. 

' Micro-aneurysms were not found outside the retina, either in 
the eye, in the cerebral vessels or in the vessels of serous mem- 
branes, bladder wall or omentum. Their mode of origin is dis- 
cussed and explanations for their localisation in the retina are 
advanced. 

In each case the kidneys were examined ‘or Kimmelstiel- 
Wilson’s disease and the lesion was related and compared to the 
retinopathy. It is believed that intercapillary glomerulosclerosis 
and retinopathy are manifestations of the same pathological pro- 
cess modified by the different anatomical structure of the retinal 
and glomerular vessels. 

The findings are not in accord with Redslob’s belief that inter- 
capillary glomerulosclerosis causes diabetic retinopathy. Early 
retinopathy can exist in the absence of intercapillary glomerulo- 
sclerosis and our investigation suggests that retinal changes prob- 
ably precede the deposition of hyaline material in the glomerulus. 
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CONTACT LENSES : 
An analysis of the results of use* 
BY 


A. G. Cross 
‘From The Institute of Ophthalmology, London 


Contact Lenses were first fitted and worn in 1887, and since that 
time the literature of the subject has steadily increased. It has 
been extensively reviewed by Dallos (1936), Bruce (1937), Mann 
(1938), Darcy Williams (1946), Cross (1947), and others, and 
comprehensive text-books have been written by Dickinson and 
‘Hall, Treissman and Plaice, Obrig and other authors. Few 
reports have, however, been published giving detailed results of 
the use of contact lenses. Williamson-Noble (1938), Gyorffy, I. 
(1940), Gyorffy, S. (1944), Mann (1944), and Ridley (1946), have 
described results, but in each series the number of cases has been 
small and has not provided the full information which is so widely 
desired regarding tolerance to these optical aids, and the results 
of wear in different circumstances.” It was decided, therefore, to 
conduct an investigation into the results of wearing contact lenses 
in a large number of patients, and, in addition to seeking infor- 
mation about tolerance, to inquire into various other aspects of 
the use of these appliances. 


Scope of the investigation. 


The co-operation was.obtained of Messrs. Clement Clarke, 
Ltd., Messrs. Theodore Hamblin, Ltd., and Messrs. Davis Keeler, 
Ltd., and permission was obtained from all ophthalmic surgeons. 
who had referred cases to these firms to send a questionnaire to 
their patients. Mr. K. Clifford Hall, F.S.M.C., also gave per- 
mission for a questionnaire to be sent to patients fitted by him. 
All patients who were fitted up to the end of 1945 have had a 
questionnaire sent to them which was made up as follows :— 


Contact Lens REPORT 


Name Age. 
Address. Date of fitting 
Ocular condition 
Occupation ‘ Referred by. 
Type of Contact Lens 
Time occupied in fitting of lens: 

1. Number of sessions. 

2. Time over which the sessions extended 



































Dedicated to Professor J. Meller. 
* Received for publication, March 24, 1949. 
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I. Do you, at the present time, wear your; contact lenses ? 
II. If so: 
(a) For what average periods are they worn? 
1. Are they worn every day? 
If not, for how many days a week? 
2. What is the total number of hours they are worn per day?................. 
3. What is the interval between periods of wearing them each day? 














4. Are they worn at work? 
Why do you remove them? 














1. Is there any discomfort? 
2. Do you notice blurred vision while wearing the lenses? 
If so, after how long of wearing the lenses, and is it equal in 
two eyes? 
Does the blur persist after removal of the lens, and for how long? 








If the lens is re-inserted immediately the blur clears, how long is 
it before it comes back? 
3. Is there any other reason for removal? 














Do you put the lenses into the eye dry? 
If not, what fluid do you use? 
Do you feel that the period without blurring is influenced by. the 
strength or composition of the solution used? 
Are you aware of air bubbles? 
If so, are they a help or a source of trouble? 
What conditions do you find: 

1. Most favourable. for the wearing of contact lenses? 

















2. Least favourable? 








(f) When reading with the contact lenses, do you have to wear spectacles 
also? : 
If you do not wear your contact lenses, why did you give them up? 








IV. What benefits do you appreciate most in contact lenses, and in what 
respects have you been disappointed with them? 








‘ V. Knowing what you know now, would you go in for contact lenses again ? 





VI. How many times have the lenses been repolished? 
VII. Additional comments, criticisms or suggestions 








1,850 copies of the questionnaire were sent out and 875 replies 
were received. These replies have been analysed and the results 
determined. In some of the tables addition of the percentages 
does not make a total of 100. This is due to various questions 
having been left unanswered by some patients. The four fitters 
have been designated A, B, C and D. The methods of each 
varied slightly in different patients, but essentially Fitters A and 
B have fitted glass lenses from ocular moulds, with slight modi- 
fication of the moulds; Fitter C has employed moulding with 
modification, or the modification of a selected shell, for the pro- 
vision of glass lenses; while Fitter D has employed an extensive 
fitting set for providing standard lenses in glass or plastic, and 
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has carried out modification of these standard lenses where 
necessary. Where standard lenses were not suitable, Fitter D 
has used the method of taking moulds. 


RESULTS 


The analysis of the results will be reported in the order in 
which the questions appeared in the questionnaire. Some of the 
questions have been answered in an indefinite way, but this 
‘number is small, and the percentages of the results obtained from 
the examination of the replies should be significant. Every 
analysis of the results has not been possible, but those that appear 
the most instructive have been worked out. 


1: Occupation (Table 1). 


Three per cent. of the total number worked in such occupations 
as singing, acting and dancing, which are usually regarded as an 
indication for the use of contact lenses. Sixty-two per cent. per- 
formed indoor occupations, mainly of a clerical nature, while 12 


TABLE I 


OCCUPATION 





Occupations 
where contact | Other Other Unoccupied 


lenses are | indoor outdoor or occupation 

required for | occupations occupations not stated 
\cosmetic reasons 
9 | 


% | y ze y 








| 
| 
Total cd 3 | 62 23 
Men ce 1 55 24 20 
Women ... 68 25 











per cent. were occupied in outdoor jobs. In the occupations where 
contact lenses were employed for’ cosmetic reasons, women 
favoured contact lenses six times as frequently as men. 


2. Ocular Conditions (Table II). 


It is demonstrated that more than half of the contact lenses 
ordered were in cases of myopia, and that the next two largest 
groups were mustard-gas keratitis and keratoconus. The mustard- 
gas keratitis cases were, of course, almost entirely male, while 
the numbers of women in the keratoconus. and myopia groups 
were much higher than the men, because of the recognised 
feminine antipathy to spectacles. Contact lenses have been 
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TABLE II 


OCULAR CONDITIONS FOR WHICH CONTACT LENSES WERE ORDERED 





Keratoconus 
Irregular 
astigmatism 
astigmatism 
Mustard-gas 
keratitis 
Neuroparalytic 
keratitis 
Pemphigus 


e< Hypermetropia 


a 
ae 
ae 


he 


59 
46 
70 


De 
a 





14 
29 
0.5 


° 
ur 


Total 

Men 

Women : 
Younger than 
30 years rad 5 
31-50 years ... 14 
Over 50 years 13 


J 
wo 


ooo 
aan 
to Ww Ww 
oe 

ooo 
Unw 


os 
a 


14 
49 


80 
53 
19 


mow 
| om | 


Ee ies 



































employed for myopia, especially in the young patients, while 
mustard-gas keratitis is confined largely to the older age groups, 
nearly all cases originating in the later years of the first world 
war. Patients suffering from other conditions are scattered 
more equally through all age groups, though both keratoconus 
and aphakia are slightly more frequent among the elderly. 


3. Age (Table III). 


It can be seen that very few contact lenses are ordered before 
the age of 18 years, and not many over the age of 60 years, and 
that the large majority are obtained before the age of 40 years, 
the peak period being between 20 years and 30 years. This is 


TABLE III 


THE AGE OF PATIENTS WHEN CONTACT LENSES WERE ORDERED 





1 
Up to| 19-25 | 26-30 | 31-35 | 36-40 | 41-45 | 46-50 ; 51-60 |Over 60 
18 yrs.| yrs. yrs. yrs. yrs. yrs. yrs. yrs. yrs. 


h he h h he h h he 
Tete we 4 19 18 10 9 8 12 


7 4 
Men a 1 16 15 7 7 4 14 20 6 
Women .... 1 22 21 12 10 9 3 5 3 



































especially noticeable in the case of women, in whom 66 per cent. 
of all contact lenses are fitted on patients younger than 40 years, 
and 43 per cent. between 19 years and 30 years. The older age- 
groups contain more cases among the men, largely as a result 
of mustard-gas keratitis. 
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4. Date of Fitting (Table IV). 


The patients who have replied to the questionnaire have nearly 
all been fitted within the last 10 years, only a small number 
having worn contact lenses longer than 6 years. The maximum 

TABLE 1V 


THE NUMBER OF YEARS SINCE THE CONTACT LENSES WERE FITTED 





More 
than 
10 yrs. 


% % ei eee % 


Up to 2-3 3-4 5-10 
1 yr. ° yrs. ° yrs. 





Total se 22 17 10 20 1 
Men at 20 16 9 22 0.5 
Women ..... 24 17 12 18 1 


























number has been fitted during the past 2 years, but this period 
of wear is, it is considered,. sufficiently long for patients to give 
a reasoned opinion of their reactions. 


‘5. Tue NuMBER OF SESSIONS (Table V). 


It was considered that it would be instructive to find out the number of fitting 
sessions which had been employed to fit the lenses in each case, in order to 
ascertain whether or not this varied materially according to the results attained. 
It is interesting to note how the technique of the various fitters varies in this 
respect, 


TABLE V 


NUMBER OF SESSIONS EMPLOYED IN FITTING 





oa ta 6-10 | 11-15 | 16-20 | 21-30 | 31-40 | 41-50 Over 60 


h he vA h h hs he h 


Total Ph ll 10 10 1 





FITTERS 
A ms ; 18 9 
31 1 — 
2 15 1 
36 _ _ 64 did 
not 
answer 
































The time employed in fitting is a matter of extreme importance, 

because the expense of the lenses is intimately connected with 
this factor, and contact lenses for the masses cannot become an 
accomplished fact until the fitting-time can be reduced to a 
minimum. It is interesting to note that Fitter D usually fits in 
less than five sessions, and that Fitter B rarely employs more 
than ten. The other two require longer periods. 
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6. Tolerance (Tables VI, VII, VII, IX, X, XI, 
XII, XIII, XIV, XV). 


The most important aspect of the use of contact lenses con- 
cerns their tolerance, and it was to obtain some authoritative 
information on this matter that this investigation was primarily 
undertaken. Table VI indicates that of all the people who have 
answered the questionnaire, 875 in number, 33 per cent. have 
given up using their lenses. This emphasizes the great responsi- 
bility which rests upon anyone who orders or fits contact lenses, 


TABLE VI 


THE PERCENTAGE OF PATIENTS WHO ARE WEARING THEIR CONTACT 
> LENSES AT PRESENT i 


‘Occasionally 
Sometimes 


One eye only 


a 


No 





Total 

Men ... 

Women és Fee 
Up to 30 yrs. of age | 
31-50 yrs. of age ... | 
Over 50 yrs. of age 


FITTERS 
ee 








because there is no doubt that efficient selection of patients should 
lower this figure considerably. Men have defaulted more 
frequently than women, possibly because of the greater determina- 
tion of the latter to succeed for cosmetic reasons. The over-50-years 
age-group also shows a significantly lower number of non-wearers, 
which may be the result of the number of the mustard- 
gas keratitis cases in this section. There is no great difference 
in the results of the different fitters, the failures of whom vary 
between 42 per cent. and 30 per cent. Those persons who are 
still wearing their contact lenses were further questioned to ascer- 
tain the average periods for which they can be worn (Table VII). 
About one-third can wear them for eight hours or more, and only 
16 per cent. for less than four hours. There is no marked 
difference between men and women, but the group over 50 years 
shows a higher percentage than the others who wear them for 
eight hours or more. Fitter B shows a lower number than the 
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TABLE VII 


THE AVERAGE PERIODS (IN HOURS) FOR WHICH CONTACT LENSES ARE 
WORN, AMONGST PATIENTS WHO ARE STILL WEARING THEM 





| | | | 
| 


More than 

x 8 hours to 
all day 
Variable 


xe 








Total .. 

Men .. 

Women Ree | 

Up to 30 years | 
of age 

31-50 years ... | 

Over 50 years | 





FITTERS 
a sas 
14 


32 
30 














average who can wear their lenses for eight hours or more. This 
fitter shows a large number of patients who state that they wear 
their lenses for varying times, possibly for special social 
occasions, etc., but it is unlikely that many of them would be as 
long as eight hours. The majority of people who wear contact 
lenses wear them every day (Table VIII). Some people, how- 
ever, wear their lenses for more than one period in each day, 


TABLE VIII 


THE PERCENTAGE OF PERSONS WHO WEAR THEIR 
CONTACT LENSES EVERY DAY 





Yes No Usually 
fh y deh amie 


Total - ies 75 16 9 
Men det 74 18 8 
Women .... 76 14 9 

















and the record of the total number of hours in which they are 
worn in the day differs from the record of the number of hours 
for which they can be worn at one time (Table IX). Fifty-eight 
per cent. of the wearers use their lenses for eight hours or more 
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TABLE IX 


TOTAL NUMBER OF HOURS THE LENSES ARE WORN EACH DAY 





eight hrs 
|< Variable 


ae 

Pad 
Psd 
ae 
ae 


One 
~ Two 
Three 
Four 
Si 
Seven 
oMore than 


od 











Total... 

Men 

Women aes 
Up to 30 yrs. 
31-50 yrs. 
Over 50 yrs.... 
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in the day. There is no significant difference as between men 
and women or in the different age groups, but the various fitters 
show different results. Fitter A has 81 per cent. of his patients 
who still wear the lenses for eight hours or more a day, while 
only 38 per cent. of Fitter B’s patients wear them for this period. 
It will be remembered that Fitter A, in spite of this successful 


tolerance, showed the highest percentages of failures. The 


TABLE X 


INTERVAL BETWEEN PERIODS OF WEARING 





Less than 
1 hr 
3 hrs. 
More than 
3 hrs 
Variable 
Only worn 
once per day 
Long enough} 
to change | 
fluid 


ne 
Ine 
ae 
{ 
jas 


| 





Total 

Men 

Women 

Up to 30 yrs. 
31-50 yrs. ... 
Over 50 yrs. 
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majority of patients who change their lenses favour an interval 
of about an hour between the periods of wear, though some prefer 
longer (Table X). A larger proportion of Fitter C’s patients 
than those of the other fitters seem to use their lenses for one 
session only in the day. 

Investigations were made into the number of patients suffering 
from keratoconus, myopia, aphakia, and mustard-gas keratitis 
who had given up wearing their lenses (Table XI). There were 
not sufficient cases of other pathological conditions to allow 


TABLE XI 


PERCENTAGE OF PATIENTS STILL WEARING THEIR CONTACT LENSES IN 
CERTAIN PATHOLOGICAL CONDITIONS 





Occasionally 


Sometimes | One eye only 


| 





Keratoconus ... 
Myopia... 
Aphakia ; | 
Mustard Gas Keratitis 


a 
ea, 
| 
| 
| 








significant results. Fewer patients than the average had given up 
wearing their contact lenses among those with keratoconus and 
myopia, whereas among the purely myopic patients the number 
who are no longer wearing them is above the average. It was a 
surprise to realise that the percentage of aphakic persons wear- 
ing their contact lenses were even less than the myopes. It 
appears that though a contact lens reduces the size of the image 
in the aphakic eye and overcomes the prismatic effects of a strong 


TABLE XII 


AVERAGE PERIODS FOR WHICH LENSES ARE WORN IN VARIOUS 
PATHOLOGICAL CONDITIONS 


yer | 1 
| | 

Hy | 
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One hr 
Two hrs. 
s< Three hrs 
Four hrs. 
Six hrs. 
Sever hrs. | 
Eight hrs. | 
More than 
Eight hrs. 
Variable 
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convex lens, this is not sufficient to allow fusion of images and 
comfortable vision in a very large proportion of cases. This is 
probably the result of absence of accommodation in the aphakic 
eye. 

It was shown that, among those still wearing them, the lenses 
were. worn for significantly longer periods in  keratoconus, 
aphakia and mustard-gas keratitis than in myopia, where the 
reward was not so great (Table XII). The lenses were worn 
nearly every day in over 80 per cent. of cases of keratoconus, 
myopia and mustard-gas keratitis, but the aphakics did not seem 
to make such constant use of them (Table XIII). The lenses 
were worn for a longer total time in the day if the wearing hours 


TABLE XIII 


“WHETHER THE LENSES ARE WORN EVERY DAY IN VARIOUS 
PATHOLOGICAL CONDITIONS 





| 
| No | Usually 
Rice 


Keratoconus ... is 9 6 
Myopia sow oe 18 9 
Aphakia is aes 33 — 
Mustard-Gas Keratitis 12 14 








were divided into two periods than if single sessions were 
employed, about 55 per cent. of cases of keratoconus, myopia and 
aphakia being able to wear them for eight hours or more, while 


TABLE XIV 


NUMBER OF HOURS THE LENSES ARE WORN PER DAY, ACCORDING 
TO PATHOLOGICAL CONDITION 





Variable 


Three 
|, More than 
eight hrs. 


Xx 
x 
ae 





Keratoconus... 
Myopia 
’Aphakia 
Mustard-Gas 
Keratitis ~s 3 1.5 5 3 — 19 


ww | 


























76 per cent. of cases of mustard-gas keratitis had a tolerance of 
eight hours or more in the day (Table XIV). The majority of 
these patients who wear their lenses for two sessions in the day 
allow an interval of about one hour (Table XV). 
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TABLE XV 


INTERVAL BETWEEN PERIODS OF WEARING LENSES ACCORDING 
TO PATHOLOGICAL CONDITION 





| Less than - sptcenay | Variable 


1 hour | 
% y tage ea Se ty ape ly SNe 


Keratoconus ... Be 8 20 9 2 7 
Myopia... ee Nas 12 13 13 4 | 13 
5 


1 hour | 2 hours | 3 hours 








Aphakia sek a7 | 5 14 — 14 
Mustard-Gas Keratitis 18 15 12 3 

















It is natural that most people endeavour to wear their lenses 
both at work and during their social activities. It is demonstrated 
that only a very small proportion of contact lens wearers do not 
use their glasses at work (Table XVI), and consideration must 
be given to the question of whether it is justifiable to order contact 
lenses to be worn only for social activities. 


TABLE XVI 
PERCENTAGE OF CASES WHO WEAR THE LENSES AT WORK 





Yes No Sometimes 
h he yA 


Total a Ae 72 15 
Men ... ee Soe 72 14 
Women is 73 16 
Up to 30 yrs. of age 69 19 
31-50 yrs. ... cae 76 14 
Over 50 yrs. ret 71 5 

















9. Why are the Contact Lenses removed? 


The patients who answered this question gave a variety of 
answers. Thirty-nine per cent. stated that the contact lenses were 
removed because they noticed veiling, blurring, and fading vision, 
Or a mist around lights; the problem of Sattler’s veil which has 
persisted since contact lenses were first used is thus demonstrated 
as being the greatest obstacle to their continuous use. Thirty 
per cent. removed the lenses on account of pain, irritation, 
smarting, discomfort and watering, while 18 per cent. only 
removed them for cleaning, renewing the lotion and removing 
eyelashes. Smaller numbers have stated that they remove them. 
on account of tiredness, nervous tension, or for a rest, and a few 
find difficulty in removing them if they remain in too long, or 
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they say that their lens fits badly. Bubbles necessitate removal 
in some cases. The analysis of the various groups demonstrates 
that veiling appears to be more common in the age group below 
30 years, and that Fitter B and Fitter D appear to have a higher 
percentage of veiling than the other groups. Fitter A shows a 
low percentage of irritation but a higher number of cases who 
remove their lenses on account of bubbles than the other fitters, 


10. Is there any discomfort? (Table XVII). 


A small number of people gave an unequivocal affirmative to 
this question. Rather more gave a firm negative. Nearly half 
preferred to be indefinite and returned the answer that they some- 
times had slight discomfort. It must be noted that in this 
question Fitter A showed a significantly smaller number of per- 
sons who admitted discomfort than the other fitters, which agrees 
with the finding that a large number of his patients were able 
to wear the lenses for long periods. 


TABLE XVII 


THE PERCENTAGE OF THOSE WHO ADMIT DISCOMFORT 


| : 
Yes No {Sometimes 
yA r oe Semel 


Total ... a 24 32 42 
Men .... “aa 21 | 32 | 45 
Women os 27 31 40 


FITTERS 
A i ca 14 41 41 
B ie Ms 29 35 33 
C ik if 25 27 46 
D ie 22 40 36 


11. Blurred vision when wearing the lenses (Table XVIII). 

Blurring of vision while wearing contact lenses is due, in the 
majority of cases, to that oedema of the corneal epithelium which 
has been termed Sattler’s veil. The answers reveal that 74 per 
cent. of patients are embarrassed by onset of blurring of vision 
after wearing their lenses for a variable period. Two per cent. 
admitted that this happened only when the contact lenses needed 
‘cleaning, or when the fluid required changing, while 2 per cent. 
found that blurring only occurred in a hot atmosphere or with 
fatigue. In these latter groups it is probable that the blurring 
was not due to a Sattler’s veil but to mucus or other deposits on 
the lenses. Dimness of vision due to bubbles was specifically 
mentioned. in 0-5 per cent. of cases. 
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TABLE XVIII 


THE PERCENTAGE OCCURRENCE AND CAUSE OF BLURRING OF VISION 





Due to | Dirty lens | Hot atmosphere 
bubbles or fluid with fatigue 


b hades eee 


0.5 
0.5 


Yes No 








Up to 30 yrs. ae : 0.5 
31-50 yrs. oe — 
Over 50 yrs. ... ae 


FITTERS 


_ 4 

| _ } 3 
=o oe 22 | — 1 
D ae aus 19 | sth sa 











There is no significant difference in the incidence of blurred 
vision between men and women or in the different age groups, 
but Fitter A and Fitter B appear to have a higher incidence than 
Fitter C and Fitter D. It should be emphasized that none of 
these patients had been fitted with perforated or grooved lenses, 
which have materially changed the frequency with which veiling 
occurs. 

The onset of veiling occurs after varying periods of wear, but 
it commonly tends to happen after three or four hours. No 


TABLE XIX 


LENGTH OF TIME DURING WHICH CONTACT LENSES ARE WORN BEFORE 
VEILING OCCURS, IN CASES WHICH VEIL 
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os Over 8 hrs. 


4 hours 
6 hours 
6-8 hours 
Variable 
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important difference is present in the different age groups or 
between men and women, but there seems to be a difference 
between the different fitters. Fitter A and Fitter C show a peak 
at four hours, while Fitter B and Fitter D show their peak at the 
three-hour period. It is significant that only in 5 per cent. does 
veiling occur after periods of more than eight hours. 

A material percentage show that there is a variation in the 
amount of veiling in the two eyes. This may indicate that 
variation in fitting is a factor. It is worthy of note that the two 
fitters whose patients show the peak of veiling at four hours seem 
to show a higher relative number who notice a difference in veiling 
between the two eyes. 





























TABLE XX 
IS BLURRING EQUAL IN BOTH EYES? 
One leas 
Yes No only worn 
a ee vA % 
Total ... a 40 28 10 
Men _... a 34 36 13 
Women sis 45 22 8 
Up to 30 yrs. ... 47 31 5 
31-50 yrs. a. 35 26 13 
Over 50 yrs. ... 24 35 15 
FITTERS 
A ae! 50 35 
B 51 11 13 
Cc 33 30 13 
D 58 33 
TABLE XXI 
PERSISTENCE OF ‘‘BLURRING'’ AFTER REMOVAL OF LENS 
No per-| 18S | 15-30 | 31-45 | 46-60 | More | All | Vari- 
sistence 15 mins.| ™™S- | Mins. | mins. | >). | time able 
h SEI RS Aa Si Sy Ge ee Bee ey Se ae 
Total ... ae _ 23 23 5 10 8 1 11 
Men ... ee —_ 16 21 6 15 11 2 11 
Women yt — 29 25 3 6 6 _— 11 
Up to 30 yrs....|  — 28 27 3 10 7 = 13 
31-50: yrs, ... _— 24 24 7 10 7 Z § 
Over 50 yrs. ... _ 17 12 3 9 12 9 
FITTERS 
) oe — 15 40 — — 5 -* 35 
Bb -- 42 21 5 5 2 _ 15 
CG - 20 19 10 12 2 10 
D _ 13 37 4 —_ 2 
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TABLE XXII 


RECURRENCE OF VEILING AFTER REINSERTION 

















rl | | 
a lesl el elelelele ldelz 
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Total ... 6 4 5 | 10 6 6 2/1 2 9 
Men ... 5 5 6 8 9 7 ae 2 11 
Women 8 2 5 11 4 5 1j- 1 7 
Up to 30 years 6 5 5 10 10 7 3 1 3 6 
31-50 vears ... 6 2 7 13 5 6 3 1 1 5 
Over 50 years 5 3 1 4 4 3 _ _ — | 20 

FITTERS 
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B. 8 5 12 20 3 2 eis ee rs 8 
C 5 3 4 6 5 6 3 |— 1 | 10 
D. 9 7 4 15 17 9 4| 4 4 — 























Veiling takes place more rapidly following reinsertion of the 
lenses after clearing of a veil than when they are inserted for the 
first time in the day. There is no significant difference between 
the sexes or between the age groups, but the figures for the 
different fitters show that whereas Fitter A, Fitter B and Fitter D 
show a peak in their series at about two hours, the Fitter C series 
shows fairly equal figures up to four hours’ wear. 

Questioning indicated that after a second insertion veiling was 
the usual cause of subsequent removal, though 27 per cent. 
removed them because of irritation, smarting, discomfort and 
watering. 


Fluid with which the lens is inserted. 


Of the total persons using contact lenses at present 39 per cent. 
put them into the eye dry. Of this number the large proportion 
are fitted by one fitter, of whose patients 56 per cent. insert the 
lenses dry, while 44 per cent. use some fluid. Of the other fitters’ 
patients only 2-4 per cent. insert the lenses without fluid of some 
kind. The fluid most commonly used was normal saline—by about 
73 per cent. of all who did not insert the lenses dry. The remain- 
der used 2 per cent. or 24 per cent. sodium bicarbonate solution, 
cold water, warm water, distilled water, boric acid solution, Optrex, 
various buffer solutions, and, in a few cases, saliva. The patients 
were asked to state whether the period of veiling was affected by 
the type of fluid. 25 per cent. thought it was, and 25 per cent. 
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TABLE XXillI 


DOES THE FLUID AFFECT THE VEILING ? 


Doubtful or 
no reply 


Total 50% 








FITTERS 
AP, 25 30 
46 24 30 
9 23 68 
72 24 4 














thought it was not. The remaining 50 per cent. either did not 
answer the question or gave indefinite replies. No significant 
difference was apparent between the sexes or in different age 
groups, but the results of the various fitters show marked differ- 
ences, The majority of patients of Fitter A and Fitter C did not 
consider that fluids affected the veiling, whereas the majority of 
the patients of Fitter B and Fitter D considered that the influence 
of fluid upon veiling was considerable. Several patients 
emphasized that they felt that sodium bicarbonate solution helped 
to prevent veiling, and that veiling was more common if the 
solution was not fresh. It may be that in this matter the patients 
tend to reflect the views of their fitters. 





The influence of air bubbles. 
Enquiry was made to ascertain whether or not the formation 
of air bubbles was a serious factor in the wearing of contact lenses. 


TABLE XXIV 


DO AIR-BUBBLES FORM WHEN. CONTACT LENSES ARE WORN ? 





No |Sometimes 
h 


36 


Total... + a 
| 30 4} 30 





| 
| 


Men ... iz a0) 
Women is pers cae.) 42 
Up to 30 yrs. re da 36 
31-50 yrs. ... sos, | 42 38 
Over 50 yrs. ee 50 33 
FITTERS 

"errr 18 64 
35 48 
47 32 
44 34 
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Table XXIV shows the results. The essential fact is that only 
about 20 per cent. of cases do not suffer from bubbles at times, 
and this seems to be constant in both sexes, at all ages, and with 
any fitter. 

Those persons who suffer from bubbles while wearing contact 
lenses do not all find them a hindrance. A small proportion find 
them a help, and some do not consider them an embarrassment. 


TABLE XXV 


EFFECTS OF AIR BUBBLES 





Those affected | Those affected 
regularly by sometimes by 
bubbles bubbles 


he | fe 


Bubbles give no trouble ay 9 17 
Bubbles a help ... ae ep 10 7 
Bubbles cause great trouble .. 56 46 
Bubbles cause slight trouble... | 23 23 








This feature is of some interest in that veiling appears to be less 
marked when a bubble is present, and those people who can toler- 
ate a bubble without discomfort may be relieved of the greater 
trouble of blurring of vision. 


Most and Least favourable conditions. 


Questions were asked to elicit the most favourable and least 
favourable conditions for wearing contact lenses and this pro- 
vided a multitude of replies, many of which were completely 
contradictory. It is not felt that any useful purpose would be 
served by analysing these answers but some report of them may 
prove helpful to-the providers and wearers of contact lenses. 

Some persons find contact lenses comfortable at all times, and 
others find them to be uncomfortable always. Most people find 
the ideal conditions to be moderate sunlight or soft artificial light, 
and state that strong sunlight and bright artificial light may pro- 
duce discomfort. Bluish fluorescent lighting is also criticized by 
some wearers and defective illumination may cause discomfort. 
Cool weather, dry cold weather, dull days, and rainy days all find 
their adherents, but- windy weather whether dry or humid, 
causes trouble to some people. Some persons are happier in the 
morning, and others in the evening. It may be interesting to 
flying personnel to know that.the strong light that is present above 
the clouds causes intolerance with some persons. There seems 
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no doubt that clean dry non-dusty rooms without smoke in the 
atmosphere are much more comfortable for wearers of contact 
lenses than hot, dusty, smoky places. People with contact lenses 
often dislike seats near the fire, while cinemas and crowded 
restaurants are likewise sources of discomfort. The psychological 
aspect of contact lenses is stressed in the observation by some 
persons that contact lenses can be worn more easily when they are 
alone than when they are in company, while having ‘‘ nothing to 
do ”’ or having to ‘‘ look about ”’ cause difficulty in other subjects, 
Sleeping is an unsuitable pastime when wearing contact lenses, 
and many people say that they are at their best when they are 
relaxed and the eyes are not tired. Some patients consider the 
lenses to be ideal for use in the open air, and especially for 
open-air sports and exercise, while some prefer them for indoor 
sports and dancing. Some like to use contact lenses for close 
work, while others feel that they are less suitable for this occupa- 
tion than for distance. Many housewives find contact lenses ideal 
for general use while doing their housework. Mild degrees of ill- 
health such as colds in the head seem to have a detrimental effect 
upon tolerance to contact lenses. It appears, therefore, that there 
are few absolute contra-indications for contact lenses, -but that 
hot, dusty, smoky atmospheres reduce tolerance in a large number 
of wearers, and that they find their most satisfactory use in the 
open air in a temperate climate. 


TABLE XXVI 


PERSONS WEARING ADDITIONAL SPECTACLES 





Remove Contact Lens 
for reading 


he vA 


Yes No 





Total ... a3 22 
Men .. we: 34 
Women eee 12 
Up to 30 yrs. ... 3 
31-50 yrs. se 16 
Over 50 yrs. ... 76 














Wearing of additional spectacles. 


Contact lenses are normally fitted for distance wear. — 
unusual for patients to have a special pair for reading, owing to 
the difficulties of changing them, and the bifocal contact lens ts 
not yet a practical proposition. Presbyopic patients find it most 
convenient to wear a reading addition in spectacles. Table XXVI 


It is 
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indicates the numbers of people who have to do this and illustrates 
the large number of people who do it among the elderly age 
groups, and also the natural distaste of women for spectacles. 


Why were contact lenses given up? 


It was considered that it would be useful to learn from those 
patients who have given them up the reasons for discontinuing 
their wear. The numbers giving different reasons are small, and 
it does not appear that the percentages of the different groups 
would be of statistical value. 

Some people asserted that the lenses did not fit, but this can. 
only be a statement of opinion; since in the opinion of the fitters 
they did fit or they would not have been supplied. Allied to this 
reason is the extreme discomfort claimed by some wearers, and the 
early onset of veiling which worried others. Persistent redness 
of the eyes (termed conjunctivitis) caused some patients to stop 
using their lenses. Some wearers who obtained them for use only 
in games, found that they were too much of a nuisance, and 
gradually ceased to use them, while others found discomfort with 
close work and similarly gave them up. General inconvenience 
and uncertainty regarding the length of time they could be worn 
caused some people to cease using them. A number of-reasons 
given for the failure to continue wearing contact lenses seem to 
reveal lack of will to wear them. ‘‘ Difficulty in finding oppor- 
tunity for removal and reinsertion,’’ ‘‘ difficulty ’’ or ‘‘ nervous- 
ness ’’ in inserting and removing the lenses, and finding that the 
lenses were ‘‘ unsuitable for the optical condition.’’ Other reasons 
seem‘ to fall within the group of pure excuses with very littie 
reasonable foundation. ‘‘ No time to persevere and get used to 
them,’’ ‘‘ they seemed to be harming my eyes ”’ and ‘‘ they caused 
restriction of movement of the eyes ’’ do not seem to offer a sound 
basis for giving up the lenses. Losing the lenses or breaking 
them and being unable to afford the expense of replacement seems 
a more reasonable excuse, even if it illustrates gross carelessness. 
Inability to get the lenses refitted or repolished suggests, again, 
an absence of keenness. A final group complained of difficulties 
with the fluid used, and this also does not appear to be a valid 
excuse. Suitable co-operation between the fitters and wearers 
Should eliminate this whole group. 

A study of the reasons advanced for giving up contact lenses 
confirms the orthodox opinion that for success in wearing these 
_ appliances there must be a real desire on the part of the patient 

to make them a success. In this respect a great responsibility 
rests on the ophthalmologist only to advise contact lenses for 
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people who have the correct mental approach to the difficulties 
involved. These difficulties should be exaggerated rather than 
underestimated at the initial examination. 


Benefits of contact lenses. 


Patients were asked to give their ideas of the benefits of contact 
lenses, and though the answers produce little that is new, they are 
of interest in providing the considered opinion of persons who 
have devoted considerable time and trouble to being fitted with, 
and wearing contact lenses. 

Many people appreciate being able to avoid wearing spectacles, 
some for reasons of vanity or because they consider their appear- 
ance to be thereby enhanced. Some claim greater comfort with 
contact lenses, and others an increase of self-confidence. The 
wider field of vision is appreciated by some wearers, and is partly 
attributable to the fact that the lens moves with the eye. High 
myopes notice the absence of light reflections, in addition to their 
improved vision, while people with irregular astigmatism and 
conical corneae are impressed by the enormous visual improve- 
ment which occurs. A benefit which seems to have little solid 
foundation, though noted by a few patients, is that the lenses help 
to keep the eyelids open. The benefit of these optical aids in 
sports, such as swimming and hunting, is mentioned by several 
observers, and their advantages for actors and musicians are also 
stressed. The fact that the transparency of these lenses is not 
affected by rain, spray, sweat, or other moisture is a well- 
recognised feature which receives constant reinforcement. 


Disappointments in Contact Lens wear. 


The statements of patients regarding the points in which con- 
tact lenses have proved disappointing are interesting, and may be 
of value to contact lens workers when advising possible wearers 
in the future. Many of the disappointments are relative in type, 
and could perhaps have been avoided by more detailed advice 
before fitting was begun. There is some overlap between this 
group and that in which patients gave their reasons for discarding 
their lenses, and it appears that if the disappointment was too 
great, further wear was suspended. 

Some people were disappointed that they could not wear the 
lenses the whole time, or that they could not wear them for longer 
periods, while others were disillusioned at the long time it took to 
get used to them. Persistent blurring was the cause of intolerance 
and disappointment in many cases. General discomfort, incon- 
venience and nuisance caused some disappointment, while other 
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people noticed aching with close work, or had hoped that the 
general vision would be better. The reddening of the eyes, and 
the intolerance to glare and bright sunshine, disappointed many 
people, while some people were annoyed to find that the glasses 
caused discomfort in enclosed smoky atmospheres and could not 
therefore be worn at dances. Some people were disappointed that 
the lenses could not be worn comfortably for sport as had been 
anticipated. . 


Would you go in for contact lenses again? 

This question was asked in the full knowledge that a large num- 
ber of patients could not be expected to admit that they had made 
an error of judgment, and would state that they would certainly 
be prepared to try them again. Table XXVII shows that the 
results were almost unanimous in the opinion that they would be 
prepared to go in for them again. ‘There were, however, certain 


TABLE XXVII 


WOULD YOU GO IN FOR CONTACT LENSES AGAIN ? 


| 
| 
| 
| 
| 
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Not if spec- 
tacles gave 
same vision 

If contact 
lenses were 

improved 

If cheaper 
Not for con- 
without lotion 
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x 
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31-50 years 
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o 
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| mr | 
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qualifications which should be mentioned. Some feel that the 
fitting could be better, or that they would not have the lenses 
again unless they were improved, or unless blurring and discom- 
fort are eliminated. Some people feel that the lenses should be 
cheaper before they would go in for them again, and others that 
they would not have them again unless they could be used with- 
out lotion. A proportion of people think that contact lenses are a 
failure for continuous wear, but that they are useful for special 
Purposes such as dancing, acting, etc. 
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Repolishing. of lenses. 


The questionnaire ended with an enquiry regarding the number 
of times the lenses had been repolished. This simple procedure 
increases the comfort with which the lenses can be worn and 
should normally be carried out about every 2 years. Table XVIII 
shows that more than half the patients had never had their lenses 
repolished. This figure is largely due to the fact that many of 
the patients had only been wearing their lenses for a year or less. 
It is noteworthy that the age-group showing the highest per- 
centage of repolishing was the group “‘ over 50 years,’’ many of 
whom had worn their contact lenses for the longest time. 


TABLE XXVIII 


REPOLISHING OF LENSES 


&< Four times | 





Six times 
or more 


<Three times 
&< Five times 
Re Seven times 


x 





Total ... 

Men 

Women ‘ 
Up to 30 yrs. 
31-50 yrs. 
Over 50 yrs. ... 
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Contact lenses among Flying Personnel in the R.A.F. 


Through the kind co-operation of Air Marshal P. C. 
Livingston, C.B., C.B.E., Director-General, R.A.F. Medical Ser- 
vices, and of Air Commodore J. C. Neely, Consultant in 
Ophthalmology, R.A.F., I have been allowed to examine the 
records of flying personnel who were fitted with contact lenses 
during the second world war. Their records show that 31 flying 
members of the R.A.F. were fitted with contact lenses. Most of 
them were pilots, but a few navigators and air gunners were in 
the number. Two of these men had unilateral aphakia, and the 
remainder suffered from defective vision due to myopia, myopic 
astigmatism; mixed astigmatism or hypermetropic astigmatism. 
The aphakic patients were pilots who had had traumatic cataract. 
One found his lens entirely satisfactory, and he flew 350 hours 
while wearing it, in single-seater fighters, and noticed no diplopia, 
while his judgment in flying was unimpaired. The other was 
able to wear his contact lens for 4 hours at a time before soreness 
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compelled its removal, but while wearing it he noticed diplopia 
for distant vision, and so flying was not possible. 

Consideration of the men who wore contact lenses for visual 
defect reveals that in all cases where they were fitted, flying judg- 
ment and observation were unimpaired. More detailed analysis of 
the flying records reveals that 14 cases of the 29, just under 50 
per cent., may be regarded as satisfactory. These men were able 
to take their full part in flying duties with unimpaired visual 
acuity. Certain observations are made by some of these cases 
which may be recorded. One noted that though he could fly in - 
comfort in his lenses for up to 6 hours, his tolerance was reduced 
to 2 hours if he wore them in the house. One noticed slight dis- 
comfort from glare while he was training overseas. Another 
noticed slight irritation from fumes in the cockpit, and one pointed 
out the advantage of being able to fly in an open cockpit with 
contact lenses, without using goggles. This series contained a 
well-known fighter pilot, who had about 2 dioptres of myopia in 
each eye. He completed over 1,000 hours of flying, including 
600 hours on operations, wearing his contact lenses, and won the 
D.S.O. and D.F.C. He could wear his contact lenses for up to 
24 hours at a time. 

The remaining ‘15 cases included one who was completely 
unsatisfactory. He never achieved more than one hour of toler- 
ance, and was never able to fly with his contact lenses. The other 
14 may be regarded as modified successes. Ten of them wore 
the lenses for flying and found them fully successful, so far as 
vision and visual judgment were concerned, but their tolerance 
was so reduced by veiling, that they could never become quite 
visually efficient. Three found that they could fly with the lenses 
perfectly well, but that heat and glare caused discomfort. One of 
these, a pilot in a Fighter Squadron, had to spend considerable 
spells in readiness for flying and be prepared to rush to his air- 
craft within seconds of receiving an alert. His tolerance was not 
very great, and long spells of ‘‘ readiness’’ causes difficulty. 
Another pilot who flew many hours with contact lenses com- 
plained that they caused a sensation of weight in the eyes, and 
he also stated that when he pulled out of a power-dive he felt 
as though the lenses were being dragged out on to his cheek. 
A pilot who was wearing contact lenses was involved in a crash, 
and broke the goggles he was wearing, but his contact lenses 
were undamaged. 

The records of this fairly small series of cases show that contact 
lenses can be employed for flying purposes by some persons, and 
that the difficulties which arise are the same as with other wearers, 
and associated especially with defective tolerance. Under present 
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circumstances they may be regarded as a possible assistance in 
keeping a trained man on flying duties, but probably not worth 
consideration for recruits. 


CONCLUSIONS. 


Contact lenses have been used for more than fifty years, and at 
the present time are being worn by rapidly increasing numbers 
of patients. Many are attracted to them by the thrill of using 
some new instrument, and some because they have an antagonism 
to spectacles which is almost pathological. These analysed results 
indicate that they are not entirely satisfactory as optical appli- 
ances. One-third of all the patients who answered this question- 
naire have ceased to wear their lenses, although among those who 
wear them for pathological states of the eye this percentage is 
lower. Those persons who continue to wear their lenses may not 
be able to tolerate them for more than one or two hours a day, 
though the majority can use them for longer periods. The results 
obtained by some fitters are better than those of others, though 
the differences are not as great as might have been expected, 
and the satisfaction of the patients seems greater in some respects 
with one fitter, and some respects with anothér. There seems no 
doubt that the mental attitude of the patient to his lenses is an 
important factor, and it is most important that the greatest care 
should be taken in selecting patients who are suitable subjects, 
in order that the number of failures may be reduced to the lowest 
possible number. A survey of the use of contact lenses by the 
Royal Air Force indicates that here, as among civilians, the 
results were not uniformly satisfactory. In spite of the great 
amount of work which has been carried out on contact lenses, it 
appears that satisfactory fitting is still the major problem, and 
that, as improvements proceed in the technique, so will tolerance 
increase. 


SUMMARY. 


An analysis of the answers of 875 contact lens wearers to a 
questionnaire provides information upon the fitting of contact 
lenses, upon the indications for their use, and upon the problem of 
tolerance. The different aspects of tolerance are investigated, and 
the opinions of the wearers on the benefits and disadvantages 
of contact lenses are reported. It is shown that, of this series, 
one-third of: the total number of persons fitted with contact lenses 
had ceased to wear them, and the various causes are discussed. A 
report is given of the use of contact lenses among flying personnel 
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of the Royal, Air Force during the second world war. A plea 
is made for increased care in the selection of persons to be fitted - 
with contact lenses. 


This investigation was carried out with a grant from the Medical Research 
Council 

I wish to express my thanks to Sir Stewart Duke-Elder and Mr. F, A. 
Williamson-Noble for their help and advice, and to Air Marshal P. C. Livingston 
for permission to peruse the war-time records of the Royal Air Force. 

I am greatly indebted to Messrs. Clement Clarke, Ltd., Messrs. Theodore 
Hamblin, Ltd., Messrs. Davis Keeler, Ltd., and Mr. Keith Clifford Hall for their 
co-operation, and to all ophthalmic surgeons who allowed me to write to their 
patients. . 4 
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THE NATURE OF THE MALIGNANT CHOROIDAL 
MELANOMATA* 


BY 
EUGENE WOLFF 


LONDON 


WritiNc in 1904, Parsons upheld Ribbert’s (1911) view that malig- 
nant pigmented choroidal growths were sarcomata, and is still of 
the same opinion. Dawson (1925) re-affirmed Unna’s (1893) 
Suggestion that these growths were epithelial in origin and there- 
fore carcinomata, but the great majority of authors now hold the 
neurogenic theory, and believe that choroidal melanomata are 
derived from the cells of Schwann belonging to the ciliary nerves. 
I would like at the outset to return to certain well-known basic 
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facts which latterly have not received the attention obviously due 
to them. 

The cells of a sarcoma differ from those of a carcinoma in that 
they do not excite any local tissue reaction, whereas usually a 
carcinoma produces a well-marked stroma reaction, so that groups 
of epithelial cells become surrounded by fibrous tissue and hence 
assume an alveolar arrangement. That the choroid can produce 
such a reaction is shown by the fibrous tissue formed round 
secondary nodules from a scirrhus of the breast. The cells of a 
malignant melanoma behave like a sarcoma in that they produce 
no tissue reaction. In the (so-called) alveolar type of choroidal 
melanoma the boundaries of the alveoli are formed by blood-vessels 
or pigment, never by new-formed fibrous tissue. 

The blood-vessels of a sarcoma are usually abundant, and 
present the characters of blood-vessels in the process of develop- 
ment, consisting of channels surrounded by a delicate endothelium, 
or possibly by actual tumour cells. In a carcinoma, on the other 
hand, the small blood-vessels, although they may be numerous, 
are confined to the tissues intervening between the cell-masses, and 
do not extend into the latter; they present the appearance of 
ordinary arterioles, venules and capillaries (Lawrence and 
Johnson, 1915). It will be seen that the blood-vessels of the malig- 
nant melanoma are identical with those of a sarcoma. 

The cells of a sarcoma do not lie in actual apposition, but are 
separated from each other by varying amounts of ground sub- 
stance. It is true that in a malignant melanoma of the choroid the 
cells are usually so closely packed that no intercellular ground 
substance is seen ; but this may be present in varying amount, and 
can apparently always be demonstrated in teased preparations after 
fixation with chromic acid. Like a sarcoma, too, the spread of a 
malignant melanoma of the choroid is by blood-vessels, and only 
very rarely by lymphatics. 

Ribbert (1911) showed that malignant melanomata could arise 
from branched chromatophores, and it has since been confirmed a 
great many times that a teased preparation of what on microscopic 
section appears to be a spindle-celled tumour of the choroid is in 
fact composed of chromatophores in all stages of development. The 
important fact brought out by Ribbert’s work was that in secondary 
nodules found in the brain and liver there were cells identical with 
choroidal chromatophores. As further evidence of this I would 
emphasize that all the following types of pigmented and non- 
pigmented cells may be found in one and the same tumour: 
chromatophores with four, three, two, one or no processes. The 
last of these appear as large pigmented round cells (Figs. 1 and 
2), and these pigmented round cells packed close together become 
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Figs. 1-5 are all from the same Tumour (Malignant 
Melanoma of Choroid) 





Fia. 1. 


Typical chromatophore. The small round granules and the nucleus 
are visible 





Fic. 2. 


Chromatophores with 4, 3, 2, 1 and no processes are seen. 
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Fic. 3. 





Large round and polyhedral chromatophores. 





Fic. 4. 
Slightly pigmented epithelioid cell. 
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polyhedral (Fig. 3). Finally there are pigmented spindle cells 
and pigmented small round cells. The nucleus is usually. visible 
and is large, pale-staining, vesicular, with one or more well 
marked nucleoli. The following non-pigmented cells are found : 
large round cells like the pigmented ones but without pigment— 
these non-pigmented round cells when closely packed become 
polyhedral. cells with large vesicular nuclei and abundant proto- 
plasm (epithelioid cells) (Fig. 4), and finally typical spindle 
(Fig. 5) and round cells. 


Fig. 5. 


Portion of growth with typical spindle-cells. 


It will be noted that the general characteristics of the nuclei of all 
these cells are the same. Also the pigment in nearly all the pig- 
mented tumour cells consists of small round granules of the same 
size, like those of the normal chromatophore. I would also stress 
the fact that there are intermediate forms of all the above-named 
cells, so that it might be quite impossible to say whether a given 
cell is spindle-shaped or epithelioid (Fig. 6). Thus a careful 
examination of a tumour containing all the above-named cells 
leaves little doubt that the chromatophore is the essential cell. 
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The fact that some malignant choroidal melanomata consist 
largely of epithelioid cells has been brought forward as evidence 
that the growth is or may be a carcinoma. The above explanation 
of the epithelioid appearance of the cells will, I think, rule out 
this suggestion. 

The relation of the non-pigmented to the pigmented ones is, I 
suggest, that of the subconjunctival chromatophores in the fair and 


Fic. 6. 


Malignant Melanoma of Choroid. Epithelioid and spindle-cells in 
same tumour, with intermediate forms. 


dark races of mankind. In the former they are usually non- 
pigmented, but the pigment can be demonstrated by the Dopa 
reaction or silver stains. There is thus no essential difference. 

Finally Dawson’s view that the pigment of the choroidal chro- 
matophores comes from the retinal pigment epithelium cannot be 
upheld. (Collins, 1926; Mann, 1926; Wolff, 1948.) It will thus 
be seen, and this is a very important fact, that if there were no 
question of pigment the so-called spindle-celled choroidal growth 
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would in any other part of the body undoubtedly be diagnosed as 
a sarcoma and not a carcinoma. 

Now we come to the claims of the neurogenic theory. The main 
reason why this has been brought forward is that it brings the - 
choroidal growths into line with Masson’s (1926) view with regard 

to melanomata of the skin. But there are serious objections to 

Masson’s theory. In the first place definite epithelial downgrowths 
are well known to occur in simple naevi, and it has been shown 
repeatedly that these may develop into malignant pigmented 
growths. More fundamental still is the fact that the morpho- 
logy, embryology: and results of section of their nerve-supply 
appear to show that the tactile cells of the Merkel-Ranvier and 
Meissner’s corpuscles are not derived from the cells of Schwann at 
all, but are developed locally in the epithelium (and are therefore 
ectodermal) and dermis (and are therefore mesodermal) respec- 
tively. (Wolff, 19485.) This is not really surprising when we 
remember that in such sensory end-organs as a taste-bud the 
gustatory cells are epithelial. 

Much has been made of the fact that there are nerves in the 
outer part of the choroid just where the choroidal growths usually 
start; but this is also where most pigmented cells are normally 
found. Theobald shows sections which she regards as proof that 
choroidal growths arise from the ciliary nerves, but ail I can 
say from similar preparations of my own is that the cells of 
Schwann were continuous with the tumour cells, a relation 
produced simply by involvement of the nerve in the tumour, which 
is of course quite common. We must remember also that tumours 
of cells of Schwann are usually simple, only very rarely becoming 
malignant; and, as Willis (1948) points out, they are never pig- 
mented. It would therefore be extremely curious if, with so many 
nerves in the body, the uveal tract were the only place where 
tumours arising from the cells of Schwann belonging to nerve- 
trunks, should be not only malignant but pigmented as well. 

Finally we come to the origin of the chromatophores. Most - 
observers hold that these pigmented cells are mesodermal in origin. 
Latterly, however, the suggestion has been put forward that the 
pigment cells are derived from the neural crest and grow down 
with the nerves to the skin, etc. This suggestion is largely based 
on the experimental evidence that a transplanted neural crest will 
develop pigment. The fact is, however, one cannot be sure that 
in transplanting so small an area as the neural crest a few 
adherent mesodermal cells are not transplanted as well. 

It is therefore concluded that, in the present state of our 
knowledge, we should regard the malignant choroidal melanoma 
as a sarcoma. 
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STUDIES ON THE INTRA-OCULAR FLUIDS 


Part 3.—The Penetration of Some Nitrogenous 
Substances into the Intra-ocular Fluids.* 
BY 


SIR STEWART DUKE-ELDER, HUGH DAVSON, 
and 


A. M. WoopINn 


Ophthalmological Research Unit (M.R.C.) 
Institute of Ophthalmology, London. 


EXPERIMENTS on the rate of penetration of sugars (Duke-Elder and 
Davson, 1949) and salts (Duke-Elder, Davson and Maurice, 1949) 
from the blood into the intra-ocular fluids reported earlier in this 
series have revealed a selectivity in the barrier separating these 
fluids, inconsistent with the conception of penetration through a 
simple pore-structure such as would be provided by the intercellular 
spaces of an endothelial or epithelial membrane. We were forced 
to conclude, on the basis of these studies, that the penetration of 
many substances into the intra-ocular fluids represented a trans- 
cellular process since it is only in the membranes of cells that we 
can expect to find a selectivity of the type described (Davson and 
Danielli, 1942). Experiments on the penetration of some amino- 
compounds—creatinine, urea, glycine, and alanine—to be described 
here, support this view. The above-named compounds have the 
following molecular weights :— 


Creatinine, 113 Glycine, 75 
Urea, 60 Alanine, 89 





Dedicated to Professor J. Meller. 


* These experiments were carried out by E. J. Ross working in this laboratory: 
see Brit. J. Ophthal., 33, p. 310. Received for publication, March 12, 1949. 
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METHODS 


The general methods of raising the blood concentration of the substance studied 
have been described earlier (Duke-Elder and Davson, 1949): in all cases the renal 
arteries were tied to prevent too rapid an elimination of the injected material. 

Chemical. Urea was determined by the method of Conway (1947); amino-acids 
by the Danielson (1933) modification of the Folin-Wu (1919) method on tungstic 
auld filtrates, and creatinine by the Folin (1905) method on similar filtrates. 


RESULTS 


The results are shown in Table I, the parameters K’, and K', 
indicating the relative rates of penetration into the aqueous humour 
and vitreous body respectively. 


TABLE I 


100 K’A 100 K'y | K'a/K'y 


Substance No. of Expts. 








Creatinine 12.9 + 1.2 0.79 + 0.13 16 


| 
— as 
| 


Urea 14.0 + 0.9 7.00 +1.2 2 
Glycine 15.5 + 2.3 0.6 +0.5 26 


Alanine | 13.3 + 2.4 10 +0.5 13 
| 














It will be noted that the rates of penetration of these substances 
into the aqueous humour are not significantly different, being in 
the region of 13 to 15 : the rate of penetration into the vitreous body, 
however, is very much slower, and among these substances urea 
stands out from the other compounds studied in entering very much 
more quickly, showing a value for K’,. of 7 as against values in 
the region of unity. 


DISCUSSION 


It may be noted that the nitrogenous substances considered here 
pass from the blood into the aqueous humour slowly and with 
apparent difficulty. It is interesting and important that they do so 
at considerably lower rates than the monosaccharides (K’, 32:5) 
(Duke-Elder and Davson, 1949) and sodium (K', 37:6) (Duke- 
Elder, Davson and Maurice, 1949). Urea, for example, with a 
molecular weight of only 60, penetrates at about half the rate of 
glucose which has a molecular weight of 180. It is obvious that 
on the basis of a process of transfusion through a simple pore- 
Structure (as occurs in most tissues of the body) the rate of penetra- 
tion of urea should be considerably faster. The slow rates of 
penetration of creatinine and the amino-acids into the vitreous 
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body is interesting and agrees with the general concept developed 
earlier (Davson and Duke-Elder, 1948) that the barrier separating 
the blood from the vitreous body is more selective than that 
separating it from the aqueous humour. The fact that urea, on the 
other hand, penetrates so readily into the vitreous is interesting : 
it may be suggested (at this stage purely as a conjecture) that it 
may, like the sugars, enter by way of the retinal and uveal 
capillaries, while the other substances may be restricted to the latter. 


SUMMARY 


The rate of penetration of certain nitrogenous substances 
(creatinine, urea, glycine and alanine) from the blood into the 
intra-ocular fluid has been studied. The rate at which they cross 
the blood-eye barrier is much slower than can be accounted for by 
a process of simple transudation or dialysis through inter-cellular 
spaces and suggests a transference through cell bodies. 
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INTERSTITIAL KERATITIS OCCURRING IN A CASE 
OF REITER’S DISEASE 


BY 
E. E. Cass 


GIBRALTAR 


A NUMBER of cases have already been described in the literature. 
All of them have the variants of diarrhoea, urethritis, polyarthritis, 
conjunctivitis and iritis, etc., but as fat as can be discovered no 
case has previously been described with interstitial keratitis. 


A case of Reiter’s disease was admitted to the Military Hospital, Gibraltar, in 
1946. He was, as is usual, a young healthy male of 24 years of age. He had had 
no venereal contact for 3 months and no history of previous venereal disease. His 
first symptom was dysuria for 12 hours and then a muco-purulent discharge from 
the urethra, and within 24 hours of its appearance he was in Hospital. Smears 
revealed pus and epithelial cells, but no organisms, and no organisms appeared 
on culture. There was a slight temperature only. ‘The complement fixation test 
for G.C. and the Kahn and Wasserman were negative. 
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Treatment with sulpha-thiazole gave no results, and eleven days after com- 
mencement of treatment he developed a conjunctivitis with no discoverable organ- 
isms in the discharge, and simultaneously his left knee joint became painful. The 
leucocyte count was 10,500 per cu. mm. 

Per cent. 
Neutrophile polymorphs .. isa 79:5 
Eosinophiles Sus bis Sie Nil 
Basophiles py ta ae Nil 
Lymphocytes py ane re 14 
Monocytes ac ; ee 6°5 

The conjunctivitis gradually recovered cite a few days and the pus began to 
clear from the urethral discharge, but the knee became more swollen and slightly 
painful. The orthopaedic surgeon reported much effusion and some local heat, 
with restriction of movements. The synovial membrane was not swollen, Nothing 
abnormal was seen on X-ray. 

With rest in bed the joint became less swollen, but about a fortnight later the 
patient complained of gradually failing vision in the right eye, without any pain, 
and the eye was flushed. 

When he was referred to the eye clinic a “ground glass cornea” could be 
observed as the patient walked across the room, but he had no pain nor photo- 
phobia, although there was a ciliary and conjunctival flush. 

On examination the right vision=6/18 N.1., left vision= 6/6. Interstitial and 
deep keratitis were present in the right eye. The ocular tension was normal, but 
the A.C. was deep. The pupil was small and fixed, and the fundus of the eye 
could not be seen clearly. 

The left eye was normal. 

The Wasserman was repeated and was again negative. Routine treatment was 
given for the right eye, and a week later the left eye became flushed. The right 
pupil had dilated poorly with atropine, the cornea was clearer, and the iris could 
be seen, with enlargement of its vessels. On slit-lamp examination of the right 
eye, residual interstitial] keratitis was seen. The endothelium was swollen, and 
showed a mass of white lines. The anterior surface of the lens capsule was covered 
with a brownish network, with brown spots. 

The right eye cleared slightly in the course of the month, but iritis began in 
the left eye. In this eye the attack was severe, and within a week the tension was 
low, and the vision diminished to finger-counting. 4 ‘ 

All investigations as to cause were negative. Penicillin was given intra- 
muscularly (14 million units) with no effect. 

This young man was finally invalided home with eye symptoms still persisting. 


The theories and treatment of this disease have been discussed 
in many recent papers, and I am only publishing this case as it 
presents interstitial keratitis combined with keratitis profunda 
and iritis. 

The most significant feature of this case was the development 
of new signs in different parts of the body, and: the recovery of 
the old. Particularly severe and persistent were the eye signs. 
Secondly the absence of pain was notable. 

My thanks are due to Colonel Townsend, D.D.M.S., and Lt.- 
Col. Creagh, R.A.M.C., for their kind permission to publish 
this case. 
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GEORGE MACKAY 


It is with deep regret that we have to record the death of Dr. 
George Mackay, of Edinburgh, in his 87th year. Although his 
retiral from practice some years ago meant also his absence from 
most of our professional meetings, he has been held in affectionate 
remembrance by his few remaining contemporaries and by the senior 
members of a somewhat younger generation. 2 

George Mackay was born in 1861 near Madras, where his father, 
also George Mackay, was serving as Deputy Surgeon-General of the 
Indian Army.. He had another link with the military profession 
through his grandfather, Col. George Mackay, of Brighouse, 
Sutherlandshire, who, at the end of the 18th century, raised and 
commanded the Reay Fencibles. 

When four years of age he came home to Scotland, where he 
received his education in Inverness and subsequently at Edinburgh 
University, where he graduated in Medicine in 1883. After a period 
of post-graduate study on the continent, he settled in Edinburgh, 
where he earned a high reputation as a clinician and as a surgeon. 
For 24 years Mackay served the Department of Ophthalmology of 
the University and Royal Infirmary of Edinburgh, and was an 
enthusiastic member of the Ophthalmological Society of the United 
Kingdom, the Scottish Ophthalmological Club and the French 
Ophthalmological Sotiety. 

His professional life was a busy one, but he had many outside 
interests. As a student he found time for athletics and gymnastics, 
and in later life applied himself to golf and fishing, He was also a 
member of the Royal Company of Archers, the King’s Bodyguard 
for Scotland. Gaelic literature, archaeology, anthropology and 
geology claimed a good deal of his active interest. He was also a 
foundation member and subsequently president of the Clan Mackay 
Society. He maintained to the last his links with continental friends 
through his membership of the French Ophthalmological and 
Franco-Scottish Societies. 

George Mackay’s friendships were based on an essentially sincere 
and tolerant nature, and all alike were impressed by his unaffected 
natural courtesy. He has left none but the happiest memories with 
those who had the good fortune to count him among their friends. 


A.].B. 
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D. M. MACKAY 


DUNCAN MATHESON MACKAY was a versatile ophthalmologist, 
who found time to pursue antiquarian and historical interests, and 
to play an active part in the work of the Presbyterian Church, as 
well as leading a busy professional life. He was for many years a 
familiar figure in the North of England Ophthalmological Society, 
of which he was chosen President in 1933. Among the other 
institutions which benefited from’ his activities are the British 
' Medical Association, the Hull Medical Society, and Hull University 
College. His retirement from the staff of the Hull Royal Infirmary 
in 1929 was not destined to be permanent, because he returned in 
1939 to filla gap. Throughout the devastation of bombing raids, 
which incidentally destroyed his own home and equipment, Dr. 
Mackay continued to serve the Infirmary. In 1945 he returned to 
Scotland, and went on practising in Glasgow until a short time ago. 
He was in his 80th year when he died on April 12 at Campbeltown, 
Argyllshire. Among the ranks of ophthalmologists are many who 
will gratefully recall Dr. D. M. Mackay’s courteous encouragement, 
and will remember with admiration his record of loyal service. 








BOOK NOTICE 


Text-Book of Ophthalmology. By Sir W. STEWART DUKE- 
ELDER. Vol. IV. Pp. xxiv and 1157, 1081 illustrations, including 
71 in colour. Henry Kimpton, (London). 1949. Price, £3 10 0. 


It is more than twenty years since Parsons* wrote: “We can 
imagine a demon at each level who would know everything about 
every level below his own, and nothing about higher levels except 
what was dependent directly upon the known processes of his own 
and lower levels. Above the top we can imagine a super-demon 
who would know everything.” Almost we could be persuaded, as 
we glide through the pages of this magnificent volume, that here at 
last we are face to face with the super-demon. The author himself 
is a modest man, who would be the first to proclaim the limitations 
of his knowledge. Nevertheless the illusion of a super-demon 
persists. There is something uncanny in the notion of a mortal 
endowed with the swiftness and concentration of effort that must 
have gone to the making of so great a work. The achievement 
would be astonishing if it were the culmination of many years’ 
whole-time effort, but the fact that this text-book has been written 





*Parsons, J. H. Introduction to the Theory of Perception. Cambridge. 1927. 


- 
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in the intervals of a busy professional life, interrupted by research, 
by long journeys and by innumerable other activities, seems nothing 
short of a miracle. 

Originally Volume IV was expected to include diseases of the 
ocular adnexa, operative surgery and various other subjects which 
must now be relegated to Volumes V and VI. Neuro-ophthal- 
mology, Abnormalities of the Pupil, Disorders of Motility, and 
Anomalies of Refraction including Aniseikonia, are considered in 
Volume IV, and within this range of subjects the reader will find : 
everything set out in beautiful proportion. The first chapter 
(No. XLII) appropriately begins with a tribute to Harvey Cushing, 
and the book proceeds with the orderly tramp of a Roman legion to 
its splendid conclusion. Many of the illustrations are original, but 
the literature of the world has been ransacked for additional pictures, 
and the firm of Henry Kimpton deserves congratulations for so 
skilfully arranging this mass of material. 

The problems of refraction, neuro-ophthalmology and disorders of 
motility are so much interlocked that they are especially difficult to 
handle, but Sir Stewart manoeuvres this unruly team with the ease of 
a ring-master controlling a troop of horses. In Somerset Maugham’s 
Cakes and Ale Mr. Ashenden offers an amusing recipe for the author 
seeking fame: ‘‘His production must be such that if he cannot 
captivate a reader by his charm he can stun him by his weight.” 
Certainly the weight of Sir Stewart’s output would be staggering, 
even if it had all been written in a style like the trickle of sawdust; 
but his work is as charming as it is bulky. Let the reader beware, 
if he intends to devote a few spare minutes to looking up something 
in this book. His attention will be subtly beguiled, he will lose 
himself and read on with growing enchantment. 

Volume IV of Sir Stewart’s monumental text-book fully main- 
tains the high standard of the three earlier volumes, and compels us 
to await Volumes V and VI with eager anticipation. Hereis a great, 
wise, readable and beautifully produced book, which places every 
serious reader of ophthalmology deeply in the author’s debt. In the 
felicitous phrasing of the Psalmist, “his-line is gone out through 
all the earth, and his words to the end of the world.” 
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The Annual Congress of the Société francaise d’Ophtalmologie 
was held in Paris at the Marcelin-Berthelot Centre from May 22 
to 26. Now that the International Congress of 1950 is almost 
upon us, it was particularly fitting that a number of British ophthal- 
mologists availed themselves of the opportunity to hear the leaders 
of French ophthalmology expounding their work. Also gathered 
together at these meetings were many distinguished ophthalmologists 
from other European countries, from Asia and Africa, from the 
United States and South America. 2 

One whole morning session was devoted to discussion of the 
Report on Hypertensive Uveitis. It will be remembered that the 
Société francaise d’Ophtalmologie is accustomed to choose in advance 
one special subject for the main discussion, and that one or more 
ophthalmologists are entrusted with the preparation of a written 
report on this subject. The resulting work is published shortly 
before the Congress, so that members can become familiar with it 
before the discussion. M. Marcel, Kalt, the principal author of this 
year’s report, was warmly congratulated on his excellent work, 
which he lucidly introduced at the session of May 24th. Many 
other valuable contributions followed M. Kalt’s opening paper. 
Papers covering a wide range of subjects were read at the other 
sessions, and it was delightful to hear so many of the voices with 
which we have already become acquainted during the last few years 
at meetings of the Ophthalmological Society of the United Kingdom 
and of the Section of Ophthalmology of the Royal Society of 
Medicine, and also at the Royal College of Surgeons. Instances 
which leap to mind in this connection are Professor A. Franceschetti, - 
Drs. H. Arruga and J.-I. Barraquer, Professor G.-P. Sourdille and 
Dr. L. Paufique. Papers in the French language were also delivered 
by Mr. Frank W. Law and Mr. E. Wolff. 

Two afternoons were devoted to clinical and operative demon- 
strations at the hospitals of Paris and its suburbs. Mr. T. Keith 
Lyle contributed to this part of the programme a talk on the orthoptic 
treatment of latent and manifest squint. A number of excellent films 
were also shown. Several of the visitors from Great Britain were 
conducted round the Hépital St. Joseph by M. P. Mérigot de Treigny, 
who has proved himself a good friend to British ophthalmologists, 
unofficially as well as in his official capacity of Secretary-General to 
the Société frangaise d’Ophtalmologie. 

M. Edouard Hartmann has now succeeded M. Mérigot de Treigny 
as Secretary-General, and he certainly deserves the sincere gratitude 
of British visitors to the French Congress, on account of all that he 
did to make them feel welcome. Nor must it be forgotten how 
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largely the success of this gathering owed to the generous entertain-. 
ment of the ladies. ‘Thus Madame G. Rennard and her eminent 
husband kindly invited us to a party at their country house near 
Malmaison after the official expedition to Napoleon’s villa. Madame 
P. Mérigot de Treigny, Madame E. Hartmann and Madame S. Vallon 
also offered delightful hospitality. Others too numerous to mention 
played a part in making us welcome and putting us at ease. 

Sir Stewart Duke-Elder presided at the Annual Dinner on 
May 24, and made his after-dinner speech in fluent French. The 
subsequent speakers were M. M. Appelmans (Louvain), M. M. Alvaro 
(Sao Paulo), Professor B. Streiff (Lausanne) and Professor V. Rossi 
(Pisa). The following British ophthalmologists attended the Con- 
gress: Mr. G. T. W. Cashell (Reading), Miss E. E. Cass (Gibraltar), 
Mr. J. H. Doggart (London), Mr. E. A. C. Drécourt (Jersey), 
Sir Stewart and Lady Duke-Elder (London), Mr. A. C. Houlton 
(Oxford), Mr. E. F. King (London), Mr. Frank W. Law (London), 
Mr. J. P. Lloyd (Oxford), Mr. T. Keith Lyle (London), Mr. A. F. 
MacCallan (London), Mr. J. Minton (London), Mr. E. S. Philps 
(London), Mr. F. A. Williamson-Noble (London), Mr. E. Wolff 
(London), and Mr. E. Zorab (Southampton). 








NOTES 


AMONG the recipients of Birthday Honours 

— was Mr. T. Keith Lyle, who was awarded the 
C.B.E. for his. services as Consultant in Ophthalmology to the 
Royal Air Force. We offer congratulations to him on this well- 


deserved recognition, 
* * * 


N accordance with a scheme approved by the. 
Alexander Piggott Trustees, an allocation of £4,000 per annum 


Wernher Memorial 


Trust Fund has been made for the award of travelling 


fellowships or grants in furtherance of the 
objects of the Fund, which are defined as being for “the prevention 
and cure of blindness and deafness in the United Kingdom and 
British Empire, and in particular research in connection therewith | 
by financing medical men and students within the Empire to study 
methods and practices in all countries of the world.”” These awards 
will be made primarily for research in ophthalmology and otology, 
for periods of up to a year, but grants may also be given for short- 
term visits abroad to study new methods of investigation and 
treatment in these fields. 

These funds will be administered by the Medical Research 
Council, and applications should accordingly be addressed to the - 
Secretary, at 38 Old Queen Street, Westminster, London, S.W.1. 





